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Abstract 
Salmonellosis or “food poisoning” is a foodborne infection brought on by the 
pathogen Salmonella from the ingestion of the bacterium on contaminated foods such as 
vegetables. Infection from Salmonella leads to the highest incidence of hospitalizations 
and deaths each year, compared to any other bacterial foodborne illness. South Florida is 
the second largest agricultural winter vegetable producer in the United States, and 
contamination of vegetables is often observed in preharvest practices. A hardy bacterium, 
Salmonella, has been shown to live up to 6 weeks in soil and water up to 42C without a 
host. 
The Florida Everglades is a tropical wetland that plays a large role in South 
Florida’s watershed. It can be divided into agricultural, conservation, and urban areas that 
connect Lake Okeechobee to Florida Bay by canals, swamps, and rivers. Inland canals 
tightly regulate water levels in South Florida as a means of flood control for residential 
and agricultural land.  With the influences of anthropomorphic run off from agricultural 
and urban use, we hypothesized that microbial communities would significantly differ 
between three select sites in western (Collier county) versus three sites in more urban 
eastern Florida (Broward county): natural standing water, manmade drainage canal in 
agricultural areas, and manmade drainage canals in urban areas. We also hypothesized 
that pathogenic like Salmonella would be present in these habitats.  Deep sequencing and 
ecological genetics analyses of the 16s rRNA V4 region yielded a total of 163,320 unique 
bacterial OTUs from a total of 139 samples collected monthly for one year in 2015 and 
part of 2016. Salmonella is not considered an abundant taxon within the microbial 
population.  
With the knowledge that Salmonella resides within the microbial population 
isolates were cultured from soil and water samples that were taken monthly from each 
site using a modified version of the Food and Drug Administration Bacterial Analytical 
Methods manual (FDA-BAM). The culturing resulted in 234 isolates obtained and 31 
different serovars of Salmonella. Culturing showed that Salmonella favored months with 
high standing water and high-water temperatures that would lead to the ideal environment 
for survival. The most commonly occurring isolates within the sample set are those 
associated with agricultural animals.  Though Salmonella may be a rare taxon within the 
 8 
microbial population given the correct environmental conditions such as warm 
temperatures it is possible to observe Salmonella year round within the South Florida 
environment.  
 
Keywords: Microbiome, Microbiology, Salmonella, 16s rRNA, Whole Genome 
Sequencing, Everglades 
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Chapter 1-  
Title: An introduction to Salmonella  
 
Introduction 
Foodborne diseases 
Foodborne disease, also commonly known as “Food Poisoning,” is a common yet 
preventable infection due to the ingestion of food contaminated by pathogenic bacteria, 
viruses, or parasites (CDC, 2014).  A foodborne outbreak occurs when two or more 
people get sick from the same source of contaminated food or drink (FDA, 2015). 
According to the Centers for Disease Control and Prevention (CDC), infection from 
Salmonella leads to the highest incidence of hospitalizations and deaths each year due to 
a bacterial foodborne pathogen, with two to four million cases of salmonellosis resulting 
in over 19,000 hospitalizations annually (CDC, 2014). Symptoms of salmonellosis such 
as fever, bloating, and diarrhea present themselves as early as six hours after ingesting as 
little as one cells of Salmonella (FDA, 2012). Salmonella is able to infect host cells easily 
due to its use of a Type III secretion system. This system tricks the host cells into 
engulfing the bacteria. From there the bacteria replicates eventually killing the host cell 
leading to spread of the bacteria to surrounding cells (Kubori, et.al 1998). Outbreaks are 
linked to a wide variety of sources like fresh produce, fresh fruits, meats, poultry, eggs, 
milk, fish, peanut butter, and handling of some animals like turtles, frogs and lizards 
(Hanning et al, 2009).  
 
History of Sequencing 
 Sanger Sequencing was the sequencing platform of choice going back to 1977 (1). 
Sanger sequencing used a chain termination sequencing method by halting elongation 
during PCR amplification with dideoyribonucleotide triphosphates (ddNTPs). The 
various fragments are then passed through a capillary electrophoresis and sorted by 
length. The resulting combination of various lengths DNA produces a readable sequence. 
This method was so reliable that the first genome, Haemophilus influenze, and later the 
first human genome were sequenced this way (2)(3).   
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 Next generation sequencing (NGS) technologies were introduced in 2005. The 
454 pyrosequencing platform using emulsion PCR was the first NGS on the market. It 
was soon followed by the Illumina sequencing platform. Illumina sequencing technology 
is a clone free DNA amplification system (4). It uses a flow cell that adapter-ligated DNA 
is hybridized to. DNA is then amplified using bridge amplification and then linearized to 
form clusters. These clusters are then sequenced from either by single-end or paired end 
reads. Sequencing is done in processes called sequencing by synthesis. This is where a 
DNA polymerase is used to extend a sequencing primer by incorporating nucleotides 
from a growing sequence complementary to the template DNA. Fluorescent base pairs 
are added on and a fluorescent tag signals the machine the base was added and is read (3). 
The Illumina MiSeq is also the platform that has introduced benchtop sequencers. This 
idea that a DNA sequencer can be small enough and be cost efficient enough to fit in any 
standard lab has begun a new era of genetic study.  
   
Microbiome 
 With the rise of next generation sequencing there has been a change in the way 
biologist study bacteria. Sequencing technologies not only provide large amounts of data 
on genomes of target organism but also have created and advanced the field of culture 
free microbiology as well. Microbial environmental communities or microbiomes 
historically have been restricted to study only microorganism that could be cultured. With 
NGS the desired samples can have the totality of the microbial DNA population extracted 
sequenced and identified right after sampling. 
 Bacterial phylogeny and taxonomy has traditionally been identified molecularly 
using ribosomal RNA (rRNA).  The 16S rRNA gene can be found in almost all bacteria 
due to its function in the small ribosomal subunit in individual cells. It is highly 
conserved yet variable enough between species that it is a common gene used for 
identification of microorganisms (5). The 16S gene contains nine variable regions, 
depending on the study a single or a combination of these nine regions can be sequenced 
to help determine the identity of each microorganism (6).  The 16S rRNA gene is 
commonly used in culture free microbiome studies. By extracting the DNA of all 
microorganisms at once and sequencing the variable 16S rRNA gene within a single 
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sample we can observe the entirety of the microbial community in a sample or 
microbiome. For this study, we sequenced the V4 region of the 16S rRNA gene.     
  
Salmonella spp. 
Enterobacteriaceae is a family of motile and non-motile enteric Gram-negative 
bacteria. Typically rod shape, and non-spore forming, they are facultative anaerobic 
bacteria that ferment sugar and produce lactic acid. The Gram-negative cell wall is 
composed of a thin layer of peptidoglycan, a periplasmic space and an outer membrane 
composed of lipopolysaccharides.  Salmonella, a member of the Enterobacteriaceae 
family, was first observed in 1880 and was later cultured and soon after identified in 1884 
by Theobald Smith. However, its known name was given after his advisor Daniel Elmer 
Salmon (Schultz 2008).  Salmonella is a motile peritrichous bacterium (Holt et al, 1994). 
Using the Kauffmann-White-Le Minor scheme the serotype of each isolate of Salmonella 
can be determined by the specific interactions of antibodies with the LPS O side chain or 
O antigen and the two H (flagellar) antigens. Molecular serotyping recapitulates 
traditional serotyping by examining the genes of the LPS O antigen operon and the two 
flagellar genes, fliC and flgB.  The O antigen is assigned a number and paired with two H 
antigen numbers and letter identifiers to build an antigenic profile. This antigenic profile 
infers serovar identity (Zhang et al, 2015).  
 Salmonella can be isolated to pure culture using selective media like Rappaport 
Vassiliadis (RV) broth, Tetrathoinate (TT) broth, Xylose lysine deoxycholate Tergitol-4 
(XLT-4) agar, Hektoen Enteric agar with 5g/ml of novobiocin (HE+N), and Bismuth 
Sulfite Agar (BSA).  RV broth selects for Salmonella by taking advantage of its ability to 
survive at high osmotic pressure using increased concentrations of magnesium chloride, 
its ability to multiply at lower pH than other bacteria, its ability to be resistant to 
malachite green and its lower nutritional demand (Rappaport, 1956).  TT broth selects for 
Salmonella because it contains bile salts that are inhibitory to other bacteria. The addition 
potassium idodine promotes production of tetrathoinate from sodium thiosulfate. 
Salmonella uses the tetrathoinate as a sulfur source during reduction. Tetrathoinate is also 
used as an electron acceptor during respiration under anaerobic conditions that may occur 
during incubation. The addition of calcium carbonate buffers the broth during respiration 
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due to the production of sulfuric acid. Additionally, brilliant green dye is added to 
prevent the growth of Gram-positive bacteria (Muller, 1923).  Hektoen Enteric agar 
selects for Gram-negative enteric pathogens. However, the introduction of novbiocin 
(HE+N) in 1973 made this agar selective primarily for Salmonella due to its antibiotic 
properties against Gram-positive organisms (Hoben, et.al 1973). Typical Salmonella 
colonies on HE+N will appear a dark green to blue with black centers.   XLT-4 agar 
selects for non-typhoid Salmonella due to xylose, lactose, sucrose, lysine decarboxylaton 
and hydrogen sulfide production. This media has a pH shift due to fermentation and 
decarboxylation reactions that change the color of the agar. The tergitol 4 inhibits Gram-
positive and fungal growth in addition to a few Gram-negatives such as Pseudomonas 
(Miller et al, 1991, Andrews et al., 2011). Typical Salmonella colonies on XLT-4 will 
appear all black or pink and red with black centers due to the production of hydrogen 
sulfide. BSA agar is selective due to the presence of Brilliant green and Bismuth Sulfite 
that inhibit Gram-positive bacteria and coliforms. Ferrous Sulfate is used for H2S 
production. Here, Salmonella precipitates out iron in the presence of H2S leading to a 
dark metallic color colony and a dark halo on the agar plate surrounding the colony 
(Wilson and Blair 1926, 1927, 1931). Pictures of typical Salmonella colonies can be 
found in the appendix.  
Salmonella is divided into two species, enterica and bongori and then enterica is 
subdivided into six subspecies: Salmonella enterica subsp. enterica (I), Salmonella 
enterica subsp. salamae (II), Salmonella enterica subsp. arizonae (IIIa), Salmonella 
enterica subsp. diarizonae (IIIb), Salmonella enterica subsp. houtenae (IV), Salmonella 
enterica subsp. indica (VI). Each subspecies is differentiated again into serotypes or 
serovars by subtyping the differences in the O and H surface antigens using the 
Kauffman-White Classification Scheme (FDA, 2012). As of 2007, there were 2,579 
serotypes of Salmonella described that are capable of causing disease, with a majority of 
those belonging to the classification Salmonella enterica subspecies I (enterica) (CDC, 
2011). The Salmonella genome ranges from 4.55Mbp in S. Gallinarum to 4.9Mbp in S. 
Dublin due to the presence or absence of motile elements like plasmids and phages 
(Allard, et.al, 2013). Less than 100 serovars account for the majority of human infections 
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(CDC, 2015). However, several serovars are believed to still be uncultured and 
unconfirmed.  
 
Salmonella Outbreaks 
Typically, it takes 2-4 weeks for an outbreak to be identified and even longer to 
determine the specific strain of bacteria causing the outbreak and to determine a source 
(CDC, 2015). With the extended time it takes to identify an outbreak it is advantageous to 
create a dataset for local isolates of Salmonella. With the knowledge of what resides in 
the area local agencies can monitor agricultural practices to ensure these pathogens do 
not enter our agricultural chain. Additionally, in the event of an outbreak of Salmonella, 
knowing what isolates reside in the area could help identify to the source of the outbreak,  
whether it is from Florida or not. The timeline of identifying a Salmonella outbreak can 
be visually shown in Figure 1. 
  
 
Figure 1: Timeline of diagnosing and identifying a Salmonella outbreak and 
its serovars. It takes another 2-4 weeks to identify the source of an outbreak.  
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Molecular subtyping of the genome has typically been done using pulse-field gel 
electrophoresis (PFGE), a technique using two restriction enzymes to visualize different 
size banding patterns of a strain’s genome on a 1.5% electrophoresis gel. However, with 
the rise of next generation sequencing (NGS) we can observe a new level of detail among 
serovars (Allard, et.al, 2012). With an increase in detail of each serovar’s genetic code 
clinical treatments can be tailored to the outbreak, and single nucleotide polymorphisms 
(SNPs) can show the evolutionary history of the serovars.  Deeper knowledge of 
salmonellae’s genes could lead to faster identification and differentiation between 
serovars, a better understanding of environmental presence, and better traceback during 
outbreaks (Fournier, et.al, 2014).  With many of the reservoirs of Salmonella still 
unknown, studies have shown that contamination of agricultural products commonly 
comes from soil and water used during pre-harvest practices (Bell et al., 2015; Greene et 
al., 2008, McEgan, et.al., 2014). Salmonella represents a hardy bacterium that has been 
shown to live up to 6 weeks in soil and water up to 42°C without a host (Barak and 
Liang, 2008). Tomatoes are one of the most common non-animal foods associated with 
salmonellosis (CDC, 2005; CDC 2007; Bell et al. 2015). With Florida being second to 
California in tomato production, characterizing new Salmonella strains residing in 
Florida is important (USDA ERS, 2012) 
 
Sampling Sites 
 Recent studies have confirmed the presence of Salmonella in Florida’s 
environments (McEgan, et.al, 2014).  However, microbiome sequencing data for these 
isolates does not exist. With Florida only ranking second behind California as the United 
States largest producer of fresh market crops like tomatoes and cucumbers, it is important 
to obtain more information about potential pathogens like Salmonella that reside within 
the environment (Bell, et,al. 2015, FDACS 2014).  
Broward and Collier County both reside in South Florida. Each county had three 
public accesses sites selected that were sampled monthly. Sites located in Collier County 
were selected due to their proximity to local agricultural areas ensuring water would 
runoff from the surrounding fields into the selected canals. Sites 1 and 2 are muddy 
bottom, manmade canals draining southwest through the Everglades. Site 3 is a standing 
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swamp that located between two large commercial farms.  Sites were first surveyed to 
confirm that water was consistent and the site was an established canal or stream that did 
not dry up or drain during times of low perception. All sites in Collier County lay 
adjacent to commercial agricultural farms to observe if these pathogens could potentially 
interact with the agricultural industry. Due to the proximity of the sites, water runoff from 
rain and daily water use should be represented in this sample site.  Broward County sites 
were selected to contrast with Collier county sites and possibly show variation in 
microbial diversity by region. Site 4 was selected at the far east edge of the Everglades. 
This is a natural site with the majority of the water flowing though this area draining from 
other parts of the Everglades. Site 5 is in a rural area where the Everglades intersects two 
major highways leading into cities.  However, site 5 is still considered a natural site since 
it resides 13 miles into the Everglades system removing it from majority of daily human 
influences.  Site 6 is close to the coast in a heavily populated urban area.  This site 
functions as the urban control site and is located in Davie Florida along the drainage 
canal that runs from the Everglades though Fort Lauderdale and into Port Everglades.  
The GPS coordinates for each site can be found in Table 1 and each site corresponds to 
the map in Figure 2. 
 
 
 
 
 
Table 1: South Florida Sample Locations. The following table included the Site letter, 
Site Name, County of location, and Latitude and Longitude 
Site Name County Latitude Longitude 
A FL-29 N Collier  26.29847 -81.34266 
B 56th Ave Collier  26.334447 -81.52976 
C Immokalee Rd Collier  26.367279 -81.444737 
D Conservation Levee Greenway Broward 26.352817 -80.298181 
E L-38 Trail  Broward 26.158008 -80.446051 
F Linear Park Trail Broward 26.063861 -80.311993 
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Figure 2: Map of sample sites across South Florida. Map created in Google maps. 
Sites correspond to the sites listed in Table 1. Site A is FL-29N. Site B is 56th Street. 
Site C is Immokalee Road. Site D is the Conservation Levee Greenway. Site E is L-38 
Trail.  Site F is Linear Park Trail. Sites A, B, and C reside in Collier County and sites 
D, E, and F reside in Broward County Florida.  
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Abstract   
The Florida Everglades is a tropical wetland that plays a large role in South 
Florida’s watershed. It can be divided into agricultural, conservation, and urban areas that 
connect Lake Okeechobee to Florida Bay by canals, swamps, and rivers. Inland canals 
tightly regulate water levels in South Florida as a means of flood control for residential 
and agricultural land.  With the influences of anthropomorphic run off from agricultural 
and urban use, we hypothesized that microbial communities would significantly differ 
between three select sites in western (Collier county) versus three sites in more urban 
eastern Florida (Broward county): natural standing water, manmade drainage canal in 
agricultural areas, and manmade drainage canals in urban areas. We also hypothesized 
that pathogenic bacteria would be present in these habitats. Deep sequencing and 
ecological genetics analyses of the 16S rRNA V4 region yielded a total of 163,320 
unique bacterial OTUs from a total of 139 samples collected monthly for one year in 
2015 and part of 2016. Additionally, we looked for the presence of the genus Salmonella. 
Microbial diversity appeared to strongly correlate to site. Water temperature and air 
temperature had the largest influence on microbial diversity (t=15.85, p=<2.2e^-16), 
while pH and air temperature had sizeable effects on microbial community composition. 
One Broward urban site showed the least variation. The most abundant taxa found in 
Collier County was in the family Rhodocyclaceae ant the most abundant taxa found in 
Broward County was in the family Burkholderiacae. Lastly, 31 different species were 
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identified within the Enterobacteriaceae family, including potential pathogens such as 
Salmonella, Escherichia-Shigella, Campylobacter, Yersina, Vibrio, and Klebsiella. With 
up to 26 different OTUs, Salmonella signatures were found within the sample set 
showing that it is present in all of the habitats sampled.   
 
Introduction 
Historically, the South Florida Everglades spanned 11,000 square miles starting just 
south of Orlando, water flows south though the “Sawgrass River” and out into Florida 
Bay and the Atlantic Ocean but in 1905 Broward County began developing the area by 
building man-made canals changing the hydrodynamics of this important ecosystem. 
Today the Everglades, is only 734 square miles and releases 1.7 million gallons of water 
into the ocean daily. With the high amount of water being redirected from agricultural 
land it is important to understand the microbial communities in the canal system so we 
can better understand how our daily interactions with the environment affect the 
Everglades ecosystem.  
 Culture independent microbiology has been a growing field that looks deeper into 
the microbial ecology of various environments. By using an Illumina Miseq and high 
throughput sequencing the 16S rRNA gene can be sequenced and the resulting data is a 
strong representation of the microbial population within each given sample.  By using 
high throughput sequencing we can take a deeper look at the microbial ecology in the 
Everglades and its canal system.  We can better understand the microbial diversity and 
community structure and how it differs between agricultural, natural, and urban 
environments within South Florida. By understanding the subtle differences between 
these areas, we can better understand how humans are influencing the environment 
around us.  
 Additionally, we looked for the prevalence and abundance of Salmonella and 
other common pathogens within the environment. With this knowledge, we can better 
understand our influence on the water quality of the Everglades and understand what 
bacteria may influence our agricultural and recreational activities in the area. Water 
sampling of six canals and natural areas throughout South Florida Everglades canals was 
conducted monthly over a year time frame starting in August 2015 until July 2016. 
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Samples were returned to the Nova Southeastern University Guy Harvey Oceanographic 
Center (GHOC) for processing and analysis of the 16S rRNA microbial structure.  
 This project aims to determine if the influences of anthropogenic run off from 
agricultural and urban use alter the microbial communities between three select sites in 
western (Collier county) versus three sites in more urban eastern Florida (Broward 
county. These sites consist of natural standing water, manmade drainage canals in 
agricultural areas, and manmade drainage canals in urban areas. A second aim was to 
determine how prevalent pathogenic bacteria are in these habitats. By obtaining this 
knowledge we can better understand how the environment is influenced by our 
agricultural and urban habits. Additionally, knowing what pathogens reside in 
waterbodies within agricultural areas we can better monitor our water supply used in 
agricultural practices to prevent potential bacterial spread into our agricultural system.  
 
Methods  
Collection 
 Over 144 environmental samples were collected for this study. However, the 
water sample for site C in September of 2015 was lost due to a cracked bottle. 
Additionally, 3 samples could not be sequenced due to poor amplification during 
sequencing prep.  
One liter of water was collected in a sterile polypropylene bottle at the six sites in 
Table 1 monthly for a one year period. The collected water was stored in a cooler on ice 
and was returned to NSU-GHOC for processing. The parameters of water temperature, 
air temperature, rainfall, and pH were also recorded using a temperature gauge on site. 
Upon return to the GHOC, the pH was measured using a pH meter and water was filtered 
through two 0.45um cellulose filters in 500ml portions due to its heavy particulate nature. 
Each filter was subjected to standard DNA isolation protocols using MoBio Powersoil 
DNA Isolation Kit (MO BIO Laboratories, Inc. Carlsbad, CA). The 16S rRNA V4 region 
was prepared for sequencing using a modified Earth Microbiome Project (EMP) protocol 
(http://press.igsb.anl.gov/earthmicrobiome/protocols-and-standards/16s/).  Modifications 
included not diluting DNA unless it was of high concentration and doubling the volume 
of the PCR reaction. Samples that had poor amplification were diluted and PCR was 
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repeated.  DNA was subjected to polymerase chain reaction (PCR) amplification using 
the 515f/806r primer set in a 50l reaction using 5PRIME HotMasterMix 
(http://www.quantabio.com/5prime-hotmastermix).  PCR was performed under the 
conditions of 94C for 3 minutes, 94C for 45 seconds, 50C for 60 seconds, 72C for 90 
seconds and repeated 30 times. The resulting amplicons were cleaned, diluted, and 
pooled following the Illumina NexterXT PCR Cleanup 2 protocol. The samples were 
subject to paired end sequencing on an Illumina MiSeq Platform at 500 cycles.  
 
Microbiome Bioinfomatics Analysis 
Microbiome analysis of 16S rRNA sequences applied the open source package 
Quantitative Insights into Microbial Ecology (QIIME) in MacQIIME (Caporaso, et.al, 
2010). Raw reads were removed from the machine and the paired ends were joined by 
using the command join_paired_ends.py. The resulting sequences were then de-
multiplexed and quality filtered to a Q score of 30 using the split_libraries_fastq.py 
command. Sample IDs were then extracted and sorted using the command 
extract_seqs_by_sample_id.py. Samples were then combined into a single file before 
they were check for chimera sequences. Once potential chimera sequences were removed 
sequences were sorted into operational taxonomic units (OTUs) using open-reference 
OTU picking by the command pick_open_referece_otus.py (Caldwell, et.al, 2015). The 
OTUs were classified based on the SILVA reference data base at confidence interval of 
97% (Quast, et.al, 2013). OTUs were inputted into R studio and subjected to a variety of 
statistical tests using the package Vegan (Oksanen, 2017). Specific R code is given in the 
supplemental material.  
 
Results 
MiSeq DNA Sequencing Output 
Sequencing of all 139 samples using 16S rRNA amplicons resulted in a total 163,320 
unique OTUs from 15,586,135 raw reads. Site C had the lowest number of OTUs 
(n=98,252) whereas Site A had the greatest number of OTUs (n=158,603). About 15% of 
the OTUs between all sites could not be classified by the V4 region of the 16S rRNA 
gene. Additionally, 1.5% of the OTUs identified were classified as Archaea and not 
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Bacteria. All OTUs were input into R Studio was to test for microbial diversity, richness 
and community composition using the package Vegan (Oksanen, 2017). 
 
Microbial Diversity 
Alpha diversity is the diversity within a site and is expressed in terms of species 
richness. To examine alpha diversity, we did a Tukey comparison of means then created a 
box plot to display it visually in Figure 3. This showed variation in the microbial 
diversity between three of the following sites.  The Conservation Levee Greenway (Site 
D) showed microbial variation over the two sites of FL-29N (Site A) (p=0.049) and 
Immokalee Rd (Site C) (p=0.007) Additionally, FL-29N and Linear Park Trail (Site F) 
(p=0.039) showed a significant variation in microbial diversity from each other.  This 
relationship can be demonstrated in Figure 3, which shows a correlation of spatial 
variation in microbial diversity related to the site types using the inverse-Simpson 
diversity index that demonstrates species richness in R studio. FL-29N is an agricultural 
drainage canal and it differed in the microbial diversity compared to Immokalee Rd, a 
natural site and Linear Park Trail, an urban site. We did not observe a significant 
temporal variation in microbial diversity.  
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Next beta diversity was tested using the Bray-Curtis dissimilarity index (7). Figure 4 
demonstrates there is a clear grouping of microbial diversity by site and by 
county. The dendrogram relates the microbial diversity between sites by how far back 
each sample branches off in the tree. Sites A, B, and C group together on the Right side 
of the graph and branch off at 0.7 marker or 70% dissimilar than sites D, E, and F on the 
left side of the graph.   
Next, we tested the environmental parameters influence on microbial diversity using a 
Pearson’s product movement correlation. We observed that water temperature and air 
temperature has the largest influence on microbial diversity at all sites (t=15.85, 
p=<2.2e^-16). Air and water temperatures closely correlate due to the shallow nature of 
these sites, there is an observed positive correlation on water temperatures influence on 
microbial diversity in Figure 5 and air temperature in Figure 6. 
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Community Composition 
To characterize community composition or characterization of the set of species 
within each sample site we applied a non-metric multidimensional scaling (NMDS) plot 
configured with a permanova test (Figure 7). There was a site-specific community 
composition variation over time (R2=0.30, p=0.001). Additionally, a Mantel test 
represented on the NMDS with arrows was used to determine that what environmental 
parameters had the strongest influence on community composition within each site. We 
found that the combination of the variable air temperature and pH had the strongest 
influence on taxon present that composed the resident community. Though air 
temperature and water temperature in combination have an effect on community 
composition, due to the shallow nature of these sites water temperature is driven by the 
surrounding air temperature and drops out during the data analysis.  
The NMDS plot in Figure 7 shows most sites clustering together based on community 
composition. It was observed that the pink Site F or our urban site at Linear Park Trail in 
Broward County has the least variation in community composition over time. This is 
observed by its close grouping and emphasized by small dotted line circle or the 95% 
confidence interval. This may be due to a number of factors like the continuous 
controlled water flow of this site, or the continuous contestant influence by the 
surrounding urban area. The site with the largest variation in community composition is 
Site A or Route FL-29N in Collier County. This may be due to multiple reasons such as 
the change in agriculture runoff over the year, or the change in human influence in the 
area, or the change in water flow and depth throughout the year leading to different 
micro-environments. 
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Abundance 
  The rank abundance was calculated for each OTU for the sample set in R studio. 
Rank abundance is a way to depict both species richness and species evenness. Typically, 
it is displayed as a two-dimension graph or a Whittaker plot. However, due to the large 
 
Figure 7: NMDS plot created in R Studio. Each site is represented by its designated 
letter in the key on the top Right. Each site is also represented by a color and a symbol 
for ease of identification visually. The closer grouped a set of points are the less 
variation in community structure is seen over time. The blue arrows are a bio-env 
analysis. This shows what environmental parameters have and influence on community 
composition.   
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data set, the taxonomic profiles of OTU were aggregated by site. They were then ordered 
or ranked by abundance from highest to lowest and imputed into a Krona chart. 
Taxonomic profiles can be found in figures 8-14 and links to the interactive Krona chart 
can be found in the supplemental material. Next the average abundance of each OTU was 
taken across the sites and the top OTUs were visualized in a hierarchical Krona pie chart. 
Krona charts are displayed at the Family or Order level due to OTUs not being able to be 
identified down to the genus level consistently. The corresponding calculated relative 
abundance and the OTUs can be found in appendix Table 4. The most abundant OTU 
found within the entire sample set was GU305851.1.1498. This OTU made up an average 
2.2% of the sample set across all six sites. This OTU belongs to a Polynucleobacter in the 
Burkholderiaceae family which is commonly found in fresh water as free-living 
planktonic bacteria (Hahn 2003; Hahn et.al, 2011). OTUs greater than 1% abundance 
across all sites can be seen in Figure 7 as a hierarchical Krona Chart.  
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OTUs for Salmonella were found in every sample at least once. This resulted in 26 
different OTUs for Salmonella with identification down to species and an overall average 
rank abundance of 0.02%. The two serovars identified were Salmonella enterica subsp. 
enterica serovar Pullorum and Salmonella enterica subsp. enterica serovar Typhi. The 
remaining OTUs could not be identified down to serovar within this dataset. Salmonella 
is classified in the family Enterobacteriaceae. This family had 442 different OTUs within 
this dataset. Of these 442 OTUs 126 of them could not be identified down to the genius 
level. This resulted in 31 different genra being identified within the Enterobacteriaceae 
family. Other OTUs for pathogens like Salmonella, Escherichia- shigella, 
Campylobacter, Yersina, Vibrio, and Klebsiella could be found during the study. Other 
pathogens of interest found in Table 2, Salmonella was the most abundant of the 
pathogens surveyed. The three pathogens of interest that could not be found were 
Proteus, Aerobacter, and Escherichia.  
 
 
 
 34 
 
F
ig
u
re
 9
: 
K
ro
n
a 
ch
ar
t 
o
f 
th
e 
to
p
 1
0
 m
o
st
 a
b
u
n
d
an
t 
O
T
U
s 
at
 t
h
e 
F
am
il
y
 l
ev
el
 c
re
at
ed
 u
si
n
g
 a
n
 e
x
ce
l 
te
m
p
la
te
 f
o
r 
S
it
e 
A
 F
L
-2
9
N
. 
 
fi
le
:/
//
C
:/
U
se
rs
/J
o
ri
e%
2
0
S
k
u
ta
s/
D
o
cu
m
en
ts
/M
ic
ro
b
io
m
e/
A
b
u
n
d
_
S
it
e_
A
.h
tm
l?
d
at
as
et
=
0
&
n
o
d
e=
1
&
co
ll
ap
se
=
tr
u
e&
c
o
lo
r=
fa
ls
e&
d
ep
th
=
5
&
fo
n
t=
1
1
&
k
e
y
=
tr
u
e
 
 
 35 
 
 
 
F
ig
u
re
 1
0
: 
K
ro
n
a 
ch
ar
t 
o
f 
th
e 
to
p
 1
0
 m
o
st
 a
b
u
n
d
an
t 
O
T
U
s 
at
 t
h
e 
F
am
il
y
 l
ev
el
 c
re
at
ed
 u
si
n
g
 a
n
 e
x
ce
l 
te
m
p
la
te
 f
o
r 
S
it
e 
B
 o
n
 
5
6
th
 A
v
e.
 
fi
le
:/
//
C
:/
U
se
rs
/J
o
ri
e%
2
0
S
k
u
ta
s/
D
o
cu
m
en
ts
/M
ic
ro
b
io
m
e/
A
b
u
n
d
_
S
it
e_
B
.h
tm
l?
d
at
as
et
=
0
&
n
o
d
e=
1
&
co
ll
ap
se
=
tr
u
e&
co
lo
r=
fa
ls
e&
d
ep
th
=
5
&
fo
n
t=
1
1
&
k
ey
=
tr
u
e
 
 36 
 
 
F
ig
u
re
 1
1
: 
K
ro
n
a 
ch
ar
t 
o
f 
th
e 
to
p
 1
0
 m
o
st
 a
b
u
n
d
an
t 
O
T
U
s 
at
 t
h
e 
F
am
il
y
 l
ev
el
 c
re
at
ed
 u
si
n
g
 a
n
 e
x
ce
l 
te
m
p
la
te
 f
o
r 
S
it
e 
C
, 
Im
m
o
k
al
ee
 r
o
ad
. 
 
fi
le
:/
//
C
:/
U
se
rs
/J
o
ri
e%
2
0
S
k
u
ta
s/
D
o
cu
m
en
ts
/M
ic
ro
b
io
m
e/
A
b
u
n
d
_
S
it
e_
C
.h
tm
l?
d
at
as
et
=
0
&
n
o
d
e=
1
&
co
ll
ap
se
=
tr
u
e&
c
o
lo
r=
fa
ls
e&
d
ep
th
=
5
&
fo
n
t=
1
1
&
k
e
y
=
tr
u
e 
 37 
 
 
F
ig
u
re
 1
2
: 
K
ro
n
a 
ch
ar
t 
o
f 
th
e 
to
p
 1
0
 m
o
st
 a
b
u
n
d
an
t 
O
T
U
s 
at
 t
h
e 
F
am
il
y
 l
ev
el
 c
re
at
ed
 u
si
n
g
 a
n
 e
x
ce
l 
te
m
p
la
te
 f
o
r 
S
it
e 
D
, 
C
o
n
se
rv
at
io
n
 L
ev
ee
 G
re
en
w
a
y
. 
 
fi
le
:/
//
C
:/
U
se
rs
/J
o
ri
e%
2
0
S
k
u
ta
s/
D
o
cu
m
en
ts
/M
ic
ro
b
io
m
e/
A
b
u
n
d
_
S
it
e_
D
.h
tm
l?
d
at
as
et
=
0
&
n
o
d
e=
1
&
co
ll
ap
se
=
fa
ls
e&
co
l
o
r=
fa
ls
e&
d
ep
th
=
5
&
fo
n
t=
1
1
&
k
e
y
=
tr
u
e
 
 38 
 
F
ig
u
re
 1
3
: 
K
ro
n
a 
ch
ar
t 
o
f 
th
e 
to
p
 1
0
 m
o
st
 a
b
u
n
d
an
t 
O
T
U
s 
at
 t
h
e 
F
am
il
y
 l
ev
el
 c
re
at
ed
 u
si
n
g
 a
n
 e
x
ce
l 
te
m
p
la
te
 f
o
r 
S
it
e 
E
, 
L
-3
8
 T
ra
il
. 
fi
le
:/
//
C
:/
U
se
rs
/J
o
ri
e%
2
0
S
k
u
ta
s/
D
o
cu
m
en
ts
/M
ic
ro
b
io
m
e/
A
b
u
n
d
_
S
it
e_
E
.h
tm
l?
d
at
as
et
=
0
&
n
o
d
e=
1
&
co
ll
ap
se
=
fa
ls
e&
co
lo
r=
fa
ls
e&
d
ep
th
=
5
&
fo
n
t=
1
1
&
k
e
y
=
tr
u
e
 
 39 
 
 
 
 
 
F
ig
u
re
 1
4
: 
K
ro
n
a 
ch
ar
t 
o
f 
th
e 
to
p
 1
0
 m
o
st
 a
b
u
n
d
an
t 
O
T
U
s 
at
 t
h
e 
F
am
il
y
 l
ev
el
 c
re
at
ed
 u
si
n
g
 a
n
 e
x
ce
l 
te
m
p
la
te
 f
o
r 
S
it
e 
F
, 
L
in
ea
r 
P
ar
k
 T
ra
il
. 
 
fi
le
:/
//
C
:/
U
se
rs
/J
o
ri
e%
2
0
S
k
u
ta
s/
D
o
cu
m
en
ts
/M
ic
ro
b
io
m
e/
A
b
u
n
d
_
S
it
e_
F
.h
tm
l?
d
at
as
et
=
0
&
n
o
d
e=
1
&
co
ll
ap
se
=
fa
ls
e&
co
lo
r=
fa
ls
e&
d
ep
th
=
5
&
fo
n
t=
1
1
&
k
e
y
=
tr
u
e
 
 40 
Discussion 
The Florida Everglades is the largest sub-tropical wetland in the United States 
(Gottlieb et al, 2015).  It ranges 734 square miles across the South Florida environment 
acting as a natural filter as water flows south from Lake Okeechobee and into the ocean. 
Water is typically monitored by counties in South Florida for chemical and nutrient run 
off to ensure we are not polluting our water system and its outflow.  However, no one has 
explored the microbial populations in these areas in depth. Prior studies have looked at 
basic microbial communities using polymerase chain reaction-denaturing gradient gel 
electrophoresis (PCR-DGGE) (Ikenaga et al, 2010). Additionally, studies have looked at 
general microbial trends for the bacteria responsible for various microbial loops like the 
carbon, nitrogen, phosphorus, and sulfur cycles and algae bases microorganisms (Gottlieb 
et al, 2015; Rosen et al 2016).  This study examined the microbial diversity and 
community structure more in depth due to high throughput sequencing.  
 
Abundant Bacteria 
Prior to the development of the Everglades, it was believed that bacteria thrived in 
low phosphorus concentrations. With the development of land for agricultural and urban 
use there was a visible shift in the primary producers due to extra nutrient input (Gottlieb 
et al, 2015).  This shift probably resulted in the establishment of the current core 
microbial taxa. The most abundant OTUs, over 1% abundance, are typically considered 
the core taxa (Pedros-Alio, 2006). In this study, we found 18 OTUs over 1% abundance. 
Whereas those found with relatively low abundance typically less than 0.1% are 
considered rare taxa. Rare taxa are normally attributed to be present in the environment 
due to recruitment and movement into the local area from other environments or in this 
case probably from run-off from the surrounding areas (Pedros-Alio 2006). However, in 
the correct environmental settings or due to environmental changes the rare taxa could 
become dominate and established (Sogin et al, 2006).  
The most abundant OTU in this study was GU305851.1.1498 or the protozoan 
endosymbiont Polynucleobacter in the Burkholderiaceae family (Hahn et al, 2009). This 
OTU was also the most abundant OTU found in Broward County. This free-living 
microbe has been represented in abundance of up to 60% in some water habitats. The 
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most abundant OTU for Collier County was New.ReferenceOTU27 or an uncultured 
bacterium in the Rhodocyclaceae family. This is a large family within the 
Betaproteobacteria consisting of 18 genera and holds a wide array of ecological roles. 
This specific OTU role could not be identified but it is not uncommon to find this family 
of bacteria in the environment (9).  
For this study pathogens of interest were derived from the Bad Bug Book on the 
FDA website (FDA, 2012). This document of current microorganisms contains pathogen 
taxa that cause common foodborne diseases. These pathogens found in table 2 are all 
considered to be rare taxa within this dataset and their presence does not mean they reside 
in environmental reservoirs year-round or in every site. It is also important to note the 
following pathogens could only be identified at the genus level not the species level. 
However, it is important to note their presence in the environment and be aware of them 
for public health benefits.  
  Salmonella was the pathogen of interest that had the highest abundance at 
0.02%. Studies have shown that this bacterium can live in the environment without a host 
for prolonged periods of time (Hanning et al., 2009; Gacia et al, 2010).  It is responsible 
for the most hospitalizations (over 19,000) of any bacterial foodborne pathogen reported 
annually (CDC, 2014). Though highly researched it is not fully understood how this 
pathogen moves from waterways to our food supply. It is believed that this pathogen may 
enter our food chain during pre-harvest agricultural practices such as watering plants 
from local surface water sources (Bell et al, 2015). By showing that Salmonella was 
present in every site emphasizes the importance of better understanding of the resident 
population within the Everglades canal systems.  
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Table 2: Pathogen of interest within the sample set. The genera, average rank abundance, 
number of OTUs and the total number of reads are expressed below. Rank abundance 
was calculated in R studio. Rank abundance out of 163,320 OTUs. 
Genera of bacteria 
Average Rank 
Abundance 
Number of 
OTUs 
Total Reads 
Salmonella 0.0220510% 26 2616 
Campylobacter 0.0046441% 5 35 
Mycobacterium 0.0012333% 331 49213 
Plesiomonas 0.0004107% 61 3183 
Clostridium 0.00038182% 960 45750 
Francisella 0.0003308% 4 108 
Staphylococcus 0.00024110% 47 1428 
Vibrio 0.0002156% 29 718 
Bacillus 0.00018794% 436 10585 
Providencia 0.0001606% 5 103 
Streptococcus 0.0001251% 8 117 
Citrobacter 0.0001046% 4 10 
Enterococcus 0.0000955% 6 67 
Coxiella 0.0000805% 535 5430 
Shigella 0.0000793% 36 341 
Klebsiella 0.0000440% 16 79 
Enterobacter 0.0000421% 12 53 
Yersinia 0.0000371% 2 4 
Serratia 0.0000291% 18 64 
Cronobacter 0.0000285% 1 2 
Brucella 0.0000085% 1 2 
Proteus 0% 0 0 
Aerobacter 0% 0 0 
Escherichia 0% 0 0 
Listeria 0% 0 0 
 
 
Campylobacter was the second most prevalent pathogen from the Bad Bug Book 
at an abundance of 0.004%. It is the third leading cause of bacterial foodborne illness 
within the United States (FDA, 2012). Typically, this bacterium makes its way into the 
agricultural world through “raw” dairy products and contaminated water. It typically 
resides in the gut of livestock. Knowing this bacterium is present can be associated with 
the livestock and water runoff in the area. However, it has been documented to move 
through the agricultural industry and knowing of its presence in the local water source 
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could prevent future outbreaks by making sure the water is treated correctly before use 
(FDA, 2012; CDC, 2014).   
The remaining pathogens listed in the Bad Bug Book were all present in 
abundance under 0.001%. Four pathogens: Proteus, Aerobacter, Escherichia, and 
Listeria could not be identified within this data set. Many of the pathogens identified 
have been shown to live in environmental standing water when conditions are correct. 
With consistent water temperatures throughout the year it would make sense that many of 
these pathogens would become present in the Everglades due to water runoff.  
 
Microbial diversity 
 Alpha diversity is the diversity within a site and is expressed in terms of species 
richness. To examine alpha diversity, we did a Tukey comparison of means then created a 
box plot to display it visually in Figure 2.  We observed a difference in microbial 
diversity between 4 of the sample sites. The box plot showed that there are significant 
differences not only in 4 of our sites but in two of our site types as well. Site C and D are 
classified as natural standing water sites where Site A is a man-made agricultural canal. 
Additionally, Site F, the urban man-made canal site, expressed a different microbial 
diversity than that of the agricultural man-made canal, Site A. This shows that though 
there is spatial difference in the alpha diversity of some of the sites that there is no 
temporal variation in alpha diversity.   
 Beta diversity is the diversity between sites. This was calculated using a Bray-
Curtis dissimilarity index and can be visually observed in Figure 3. The dendogram 
showed grouping of samples by site meaning there are differences in beta diversity by 
location. So much so that there is over 70% difference between Broward and Collier 
County. To add to this there is distinct grouping of the samples by site types. This shows 
that there is a spatial diversity in microbial beta diversity.  
 Microbial diversity was also driven by air temperature at each site. By using a 
Pearson’s product movement correlation it was observed that air temperature had a very 
positive and significant influence on the diversity at each site. Bacteria have ideal 
temperature ranges they thrive in and the South Florida environment water temperature 
remains relatively warm and constant year-round. In this study, the water remained 
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between 20°C to 31°C even with higher than average rainfall and rates of water runoff. 
All of the sites samples are shallow water sites that held water almost year-round. 
Statically, we observed that air temperature had a greater influence on microbial diversity 
than water temperature. With the shallow nature of these sites water temperature is 
primarily driven by the surrounding air temperature. This has been observed in other 
community based studies across multiple biomes (10).  This idea would support that air 
temperature is a driver of microbial diversity in the Florida Everglades.    
 
Community Composition 
  To characterize community composition or characterization of the set of species 
within each sample site we applied a non-metric multidimensional scaling (NMDS) plot 
configured with a permanova test (Figure 6). This graph uses a data rank approach to 
display information about the communities and compresses it into a single two-
dimensional plot. The resulting graph shows there is an observed grouping of samples 
within each site. Though there is some overlap sample site or in this case, community 
composition, this shows that there is a site-specific temporal variation in the community 
composition. The spacing between the data points displayed represents how much the 
community varies over time. The closer the grouping of displayed samples the less 
variation in community composition there was during the duration of the study.    
The NMDS also shows grouping by site type and by county. Sites A, B, and C 
from Collier County all group together on the left side of the chart and Sites D, E, and F 
from Broward County all group together on the right side of the chart. Site B is the only 
site that overlaps on both sides of the graph (Figure 7). This site has an influence from 
both urban and agricultural surrounding lands. The influence on community composition 
from multiple land types can be observed in the spread of samples on the NMDS. The 
site that had the most diversity in the community composition was site A. This site is 
classified as a man-made agricultural canal. However, it is the primary canal that leaves 
the area moving water south though the Everglades into Florida Bay. With a large 
influence from agricultural areas for several miles along this road it is possible it had the 
most outside influences besides air temperature, water temperature, pH and rainfall 
driving the more changes in community composition. The site with the least variation in 
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community composition was Urban Site F. This site has consistent influence from the 
urban environment being located next to a major road in the city of Davie Florida. This 
canal also has a consistent controlled flow of water to help control flooding in the 
surrounding area. Unfavorable growth conditions such as temperature or nutrient content 
in addition to constant turnover of water flushing out bacteria could lead to the lowest 
diversity in community composition (11). This idea is also supported by looking at the 
rank abundance Krona chart for this site (Figure 14). Site F had the lowest amount of 
OTUs that were abundant over 1%. Meaning that it has less microbiota that are 
considered core taxa and the remaining rare taxa are introduced and potentially removed 
from the site before they are given the correct environmental parameters to grow in 
abundance and become a core taxon of the site.  
 Additionally, a Mantel test was performed and arrows overlaid on the NMDS to 
show what environmental parameters drove community composition. It was found that 
the combination of air temperature and pH had the strongest influence on community 
composition.  
 
Conclusions 
 Microbial diversity and community composition varies between sample site types. 
There is a spatial variation in microbial community diversity that is primarily driven by 
warmer water and air temperatures within each site. With this in mind there was no 
temporal variation in microbial diversity. There is a temporal site-specific variation in 
community composition driven by both air temperature and pH in combination due to the 
shallow nature of these sites. Water temperature and rainfall, though they have some 
influence on the ecology of the water body do not have a strong influence on community 
composition and dropped out during data analysis.  
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Chapter 3- 
Title: Microbial Culturing and exploration of Salmonella using whole genome 
sequencing.  
 
Abstract 
 A foodborne disease also commonly known as “Food Poisoning,” is a common 
yet preventable infection due to ingestion of food contaminated by pathogenic bacteria, 
viruses, or parasites (CDC, 2014).  For example, salmonellosis is a foodborne infection 
brought on by the pathogen Salmonella from ingestion of the bacterium on contaminated 
food such as vegetables. Infection from Salmonella leads to the highest incidence of 
hospitalizations and deaths each year, compared to any other foodborne illness, with 1.2 
million cases of salmonellosis annually (CDC, 2015). South Florida is the second largest 
agricultural vegetable produces in the United States (12). Studies have shown that 
contamination of agricultural commodities by Salmonella commonly stems from soil and 
water used during pre-harvest practices (Bell, 2015). The primary goal of this study aims 
to observe if Salmonella is prevalent and its distribution across agricultural and 
environmental areas in South Florida. This study sampled three distinct South Florida 
environments across two counties: natural standing water, manmade drainage canal in 
agricultural areas, and manmade drainage canals in urban areas. Soil and water samples 
were taken monthly from each site to culture for the presence of Salmonella using a 
modified version of Food and Drug Administration Bacterial Analytical Methods (FDA-
BAM) and then subject to sequencing on an Illumina MiSeq platform.    
 
Introduction 
In the summer of 2010 the Food and Drug Administration Center for Food Safety and 
Applied Nutrition (FDA-CFSAN) began a study with the aim of collecting environmental 
isolates of Salmonella from the Virginia Eastern Shore (Bell, et. al, 2015). This study 
aimed to see whether Whole Genome Sequencing (WGS) can effectively source trace 
potential pathogens in the United States environment and agriculture industry. Since 
WGS has recently become less expensive, reliable, high resolution, and easy to replicate, 
a network of labs called GenomeTrakr was created. This network showed that by using 
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WGS, the time it takes to source trace pathogens during a foodborne outbreak can be 
significantly reduced. Experiments were conducted to search for pathogens in North 
Carolina and California, and soon created a multi-state database of foodborne pathogens. 
However, the United States second largest winter agriculture state is in Florida (USDA 
ERS, 2016), and this warranted an extension of the project here. In 2015, I began sample 
collection of water and soil from the South Florida environment, which brought in NSU-
GHOC into the GenomeTrakr network. With the goal of collecting local environmental 
isolates of Salmonella and understanding their population structure in the South Florida 
environment, water samples were collected monthly, cultured, and sequenced over a 12 
month period.  
  
Methods 
All protocols being used have been adapted from the Food and Drug 
Administration Bacteriological Analytical Manual chapter 5 (FDA-BAM) (Andrews et 
al., 2011).   
A week prior to sampling for freshness, selective microbial media for Salmonella 
was made using the FDA-BAM protocols. This media consisted of Modified buffered 
peptone water (mBPW), Rapaport Vassiliadis (RV) broth, Tetrathoinate (TT) broth, 
Xylose lysine desoxycholate Tergatol-4 (XLT-4) agar, Hektoen Enteric agar with 5g/ml 
of novobiocin (HE+N), and Trypticase Soy Broth (TSB). These were stored at 4°C until 
sampling was completed. Bismuth sulfite (BSA) was prepared after sampling within 24 
hours of use.  All items were prepared using sterile materials and techniques to reduce 
contamination.  
 
Collection 
The six geographic sites represented in Table 1, were sampled monthly in order to 
obtain about 40L of filtered water and soil aseptically and were returned to NSU-GHOC 
for microbial and molecular analysis. Microbes in the water were collected on site by use 
of a Modified Moore Swab (MMS).  MMS are composed of an 80 cm by 22 cm cut of 
grade #90, 44 x 36 weave cheesecloth (Bisha, et.al, 2011) folded in half and rolled into a 
compact cylindrical swab. These swabs were autoclaved in foil then inserted into an 
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MMS-cassette constructed from PVC by that has been sterilized in 20% bleach for 18-24 
hours (Appendix Figure 3) (Sobodio et al., 2013).  Tubing will be attached to the male 
end of the MMS-cassette and fed though a peristaltic pump (Appendix Figure 4). The 
ideal filter volume was 40L and done at a filter rate of about a liter per minute. Soil 
samples were collected using an auger bore until 6 to 12 inches has been collected and 
stored in a sterile wirlpack bag. The additional physical parameters of water pH, water 
temperature, and air temperature were taken in order to track trends during each sampling 
trips.  All samples were placed in a cooler for transport and processed upon return to the 
GHOC. 
 
Pre-enrichment culturing  
 Soil and the MMS samples were weighed and enriched overnight at 35°C in 
mPBW. The soil was weighed and divided into two samples of about equal weight. The 
soil and MMS filters were then placed into a 250ml of pre-enrichment broth.  
 
Microbial culturing 
 From all pre-enriched samples, I took 0.10 ml mBPW and add it to 10ml of RV 
Broth. Additionally 1.0ml mBPW was added to 10ml of TT broth. After a quick vortex, 
samples were incubated in a water bath at 42°C for 24 hours.  
 After incubation, all samples were vortexed and streaked onto the premade 
selective media. A 3mm loop full (10l) from the RV broth was streaked on to BS agar, 
XLT-4, and HE+N agar. This process was repeated with 3mm loop full of the TT broth.  
The BS, XLT-4, and HE agar were incubated at 35°C for 24 hours. An additional 
incubation of 24 hours was performed if the plates showed no growth. After incubation, 
all plates were examined for typical Salmonella colony morphology. Typical colonies are 
explained in the FDA-BAM protocol for each of the selective media. Typical Salmonella 
colonies on HE+N will appear a dark green to blue with black centers.  On XLT-4 
Salmonella colonies will appear all black or pink and red with black centers due to the 
production of hydrogen sulfide. On BSA Salmonella precipitates out iron in the leading 
to a dark metallic color colony and a dark stain on the agar plate surrounding the colony. 
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After examination, suspected colonies of Salmonella were subcultured onto XLT-4 and 
HE+N agar to confirm growth of a typical Salmonella colony.   
 
Molecular assays 
 Colonies confirmed as possessing typical Salmonella colony formation from 
subcultured XLT-4 and HE+N plates were catalogued then grown overnight in 10ml of 
TSB at 37°C to create a pure culture. An aliquot of each culture to be isolated was 
preserved at -80°C in BHI broth containing 20% glycerol solution. DNA isolation was 
completed from the pure culture using the MoBio Powersoil Powerlyzer DNA Isolation 
Kit (MO BIO Laboratories, Inc. Carlsbad, CA).  PCR confirmed the identity of 
Salmonella with the following primers: forward primer invaF1 (5’-
CTGCTTTCTCTACTTAACAGTGCTCG-3’) and reverse primer invaR2 
(5’CGCATCAATAATACCGGCCTTC-3’) (Life Technologies Inc., CA). This 
Salmonella specific primer binds to the invasion gene protein InvA responsible for 
Salmonella’s ability to invade mammalian host cells and is found in almost every 
pathogenic strain (Gonzalez-Escalona et a., 2009; Boyd et al., 1997; Rahn et al.,1992). 
The 25µl PCR used the flowing conditions of 95°C for 1 min, followed by 35 cycles of 
95°C for 240s, 95°C for 60 s, 55°C for 30 s, 72°C for 60 s, with a final extension of 72°C 
for 10 min and a hold at 4°C. PCR products were run on a 1.5% agarose gel (Malorny et 
al., 2003).  
 
Genomic sequencing 
 With confirmation by PCR product and comparison to a known positive 
Salmonella control, all genomes were sequenced using on an Illumina MiSeq instrument 
by shot gun sequencing using standard NexteraXT DNA genome sequencing protocols at 
500 cycles (Illumina 2016). Sequencing prep begins by quantifying DNA using a Qubit 
2.0 fluorometer. DNA is diluted to 0.2ng/µl with molecular water. After dilution a total 
of 1ng of DNA is tagmented by an enzyme at 55°C for five minutes. After tagmentation, 
known adaptor index sequences are added by a PCR reaction. Post PCR the samples are 
cleaned and normalized following the Illumina NexterXT protocol. The resulting single 
stranded DNA was pooled, diluted, and loaded onto an Illumina MiSeq. Samples were 
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sequenced in groups ranging from 16 to 24 samples per run to ensure at least 20x 
coverage of the genome. The sequencing work flow can be found in Figure ###. 
 
GenomeTrakr 
 Sequences were removed from the machine and quality checked within the 
GenomeTrakr network using the standard National Center for Biotechnology Information 
(NCBI) pipeline. Samples FASTQs that passed quality control were uploaded to NCBI 
along with its corresponding metadata. Samples can be found under bioproject accession 
number PRJNA342956, the SRA for each sample can be found in the appendix table 3. 
GenomeTrakr is a network of labs that aims to use current sequencing technologies of 
WGS to identify and catalog pathogens. The network cultures, catalogs, and sequences 
environmental and clinical strains of Listera monocytogens, Salmonella enteritidis, E. 
coli, Campylobacter, Vibrio spp., Cronobacter, and various parasites and viruses. It 
curated by the Food and Drug Administration Center for Food Safety and Applied 
Nutrition (FDA-CFSAN). The network began in 2012 with 10 Federal sequencing labs 
and has since expanded to 15 Federal labs, 25 State health and University labs, 1 
Hospital, and 20 International sequencing labs. Other partners and supporters of the 
GenomeTrakr network include the Center for Disease Control (CDC), U.S. Department 
of Agriculture (USDA), NCBI, National Institute of Health (NIH), World Health 
Organization (WHO), and the United Nations Food and Agriculture Organization (FAO). 
This network aims to collect, catalog, and store as many environmental isolates and their 
corresponding metadata that could potentially be implicated in a food borne outbreak 
worldwide. Having this data readily available in the event of an outbreak could reduce 
the source trace time of the bacterial contamination preventing further spread of the 
illness. Currently GenomeTrakr contains metadata and sequencing information for over 
70,000 environmental and clinical isolates and continues to grow as more labs join the 
network (Stevens et al, 2017)  
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Genomics and Bioinformatics analyses   
After quality and coverage check by GenomeTrakr post sequencing identification 
of Salmonella isolates down to the serovar was performed in SeqSero 
(http://www.denglab.info/SeqSero). SeqSero is curated by the College of Agricultural & 
Environmental Sciences at the University of Georgia. Illumina raw fastq files were 
downloaded from base space, the Reads (paired-end) tab was selected and the files were 
uploaded and submitted. The serovars of each isolate were then determined by analyzing 
the sequencing data that corresponded to the O, Phase 1 H and the Phase 2 H antigens 
using the White-Kauffmann-Le Minor scheme (Zhang et al, 2015). Antibiotic resistance 
of each serovars was determined by using ResFinder 3.0 
(https://cge.cbs.dtu.dk/services/ResFinder/). ResFinder 3.0 is curated by the Center for 
Genomic Epidemiology. ResFinder 3.0 searches Illumina raw paired end reads from the 
fastq files for fifteen different Antimicrobial genes at a confidence interval of 90% and 
higher that infer antibiotic resistance (Zankari, et.al, 2012). 
 
Ridom 
 Ridom SeqSphere+ was developed in 2013 in Münster Germany (ridom.com). 
Originally this software was developed to help tract and understand the spread of MRSA 
outbreaks within the hospital environment.  As the program developed the accompanying 
Ridom SpaServer that now houses the world’s largest sequence-based bacterial 
genotyping database grew. With this growth Ridom branch out and is now able to 
provide automated microbial analysis for a wide array of common pathogens. Ridoms 
features include traditional Multilocus Sequence Typing (MLST) identification, rMLST 
identification, and whole genomes microbial typing (cgMLST). This allows for more 
accurate identification of serovars compared to the traditional identification methods of 
using pulse field gel electrophoresis (PFGE).  
 Ridom is designed to be user friendly by grouping multiple bioinformatic tools 
into program allowing the user to set up unique pipelines for the species of study. After 
sequencing either the raw fastq files can be downloaded or the SRA numbers can be 
uploaded from NCBI. Once downloaded into the software one is able to assemble raw 
reads using Velvet and SPAdes providing a roughly assembled contigs as fasta files. 
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Additionally, a genome wide SNP call is able to be created making it easy to view 
minimum spanning trees, create a phylogenetic tree, and compare serovars 
geographically with their built in GIS function.  
Bioinformatics analysis using Ridom began by creating a custom pipeline for the 
Salmonella isolates sequenced in this study. FASTQs were downloaded from basespace 
and the corresponding sequencing information was double checked before download into 
Ridom. This pipeline started by assembling the sample FASTQs using Velvet Assembler 
using Ridoms default settings. The sequences adaptors from the MiSeq are trimmed and 
the sequences are aligned into contigs. The contigs generated are converted into a 
FASTA file. The resulting FASTAs were inputed back into Ridom for further analysis. 
Fist sequences were identified using a MLST against the reference genome of Salmonella 
typhimurium str. LT2 (NC_003197.2). Ridom produces a strain number that can be used 
for identification of the serovar (Appendix Table 4). Next the sequences were edited and 
their metadata was added to each sample. From there an SNP matrix was generated and a 
phylogenomic tree could be created displaying the relationship between each sample 
collected during this study.   
 
Results and Discussion  
Results 
After 12 months of sample collection, microbial culturing, and whole genome 
sequencing, 234 environmental isolates of Salmonella were obtained and sequenced from 
the South Florida environment. This resulted in 31 different serovars of Salmonella 
enterica identified. Of those isolates 14 could not be identified down to the serovar level 
using SeqSero and remain unidentified at this time. The most common serovars identified 
were Salmonella enterica Rubislaw (n=28), followed by Salmonella enterica Montevideo 
(n=20), and Salmonella enterica Oranienburg (n=16). Eleven isolates had genes that 
conferred antibiotic resistance. Five isolates of those eleven had more than one antibiotic 
resistance gene: serovars Urbana, Thompson, Typhimurium, IIIa 50:z4,z23 and one 
unidentified isolate. The most common antibiotic resistance gene that showed resistance 
was that against β-lactam antibiotics. Other resistance genes included resistance for 
fosofomycin, aminoglycosides, quinolones, and phenicol (Table 3). 
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Table 3: List of samples that displayed antibiotic resistance genes to one or more 
antibiotic. Resistance genes found using ResFinder 3.0.  
Sample ID 
Predicted 
Serotype 
Antibiotic 
Resistance Gene (Antibiotic) 
NSUOC-0001-S1-1X NA Yes fosA (Fosfomycin) 
NSUOC-0005-W2B Urbana Yes 
aph(3')llb (Aminoglycoside), blaPAO (Beta-lactam), 
blaOXA-50 (Beta-lactam), fosA (Fosfomycin), 
catB7 (Phenicol) 
NSUOC-0009-S3-1X Thompson Yes 
blaOKP-B-3 (Beta-lactam), oqxB (Quinolone), oqxA 
(Quinolone), fosA (Fosfomycin) 
NSUOC-0022-W5H Typhimurium Yes 
aph(3'0)llb (Aminoglycoside), blaOXA-50 (Beta-
lactam), blaPAO (Beta-lactam), fosA (Fosfomycin), 
catB7 (Phenicol) 
NSUOC-0037-S1-2X NA Yes blaCMY-48(Beta-lactam) 
NSUOC-0038-S6-1X NA Yes blaCMY-74(Beta-lactam) 
NSUOC-0051-S6-2B 
IIIa 
50:z4,z23:- or 
IV 50:z4,z23:- Yes 
aph(3')llb (Aminoglycoside), blaOXA-50 (Beta-
lactam), blaPAO (Beta-lactam), fosA (Fosfomycin),  
catB7 (Phenicol) 
NSUOC-0064-S2-1B NA Yes fosA (Fosfomycin) 
NSUOC-0065-S5-2B NA Yes blaACT-15 (Beta-lactam), fosA (Fosfomycin) 
NSUOC-0085-S4-2H NA Yes blaSED1 (Beta-lactam) 
NSUOC-0121-S1-1B2 NA Yes blaMOR-2 (Beta-lactam) 
 
August of 2015 resulted in the most isolates collected (n=40) when temperatures are 
warm and water levels are high and May of 2016 resulted in the least number of isolates 
collected due to lack of sanding water that month (n=2). Isolates were recovered from 
soil (n=118) and from water (n=116) at almost equal rates. Salmonella could be found at 
every site multiple times throughout the study. Site A recovered 39 isolates, Site B 
recovered 33 isolates, Site C recovered 26 isolates, Site D recovered 35 isolates, Site E 
recovered 34 isolates, and Site F recovered the most isolates at 60. Over all 98 isolates 
were obtained from Collier County and 129 isolates were obtained from Broward 
County. List of all serovars identified can be found in table 4.  
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Table 4: List of serovars and their occurrence  
Predicted Serotype Number of Isolates (N) Antigenic Profile 
Rubislaw 28 11:r:e,n,x 
Montevideo 20 7:g,m,s:- 
Oranienburg 16 7:m,t:- 
N/a 14 N/a 
Glostrup or Chromedey 12 8:z10:e,n,z15 
Newport 12 8:e,h:1,2 
IIIa 50:z4,z23:- or IV 50:z4,z23:- 11 50:z4,z23:- 
Abaetetuba 9 11:k:1,5 
Balidon 9 9,46:a:e,n,x 
Braenderup 9 7:e,h:e,n,z15 
Urbana 9 30:b:e,n,x 
Anatum 8 3,10:e,h:1,6 
II 16:b:e,n,x or Hvittingfoss 4 16:b:e,n,x 
Infantis 4 7:r:1,5 
Midway or Florida 4 6,14:d:1,7 
Paratyphi B 4 4:b:1,2 
Thompson 4 7:k:1,5 
IIIb 16:z10:e,n,x,z15 3 60:r:e,n,x,z15 
II 9,12:l,z28:1,5 or Javiana 3 9:l,z28:1,5 
Australia 2 48:l,v:1,5 
IIIb 60:r:z 2 60:r:z 
Irumu 2 7:l,v:1,5 
Saintpaul 2 4:e,h:1,2 
Sandiego 2 4:e,h:e,n,z15 
Yovokome or Manhattan 2 8:d:1,5 
Aschersleven 1 30:b:1,5 
Carrau or Madelia 1 6,14:y:1,7 
Farmsen or Poona 1 13:z:1,6 
Hartford 1 7:y:e,n,x 
IV 11:z4,z32:- 1 11:z4,z32:- 
IV 48:g,z51:- or IIIa 48:g,z51:- 1 11:z4,z32:- 
Pakistan or Litchfield 1  8:l,v:1,2 
Total Isolates Sequenced 234  
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Discussion 
 The purpose of this study was to collect and identify environmental strains of 
Salmonella in select South Florida canals. Lack of full knowledge of microbial isolates of 
Salmonella in Florida compared to other large agricultural states prevents rapid source 
tracking of Salmonella during outbreaks. Over 2,500 known serovars of Salmonella have 
been documented. With their wide prevalence they can enter the environment from 
multiple sources such as livestock, wildlife, poultry, and pets (Gorski, et.al, 2011). 
Produce exposure to Salmonella is typically through contaminated surface or irrigation 
water, fecal contamination from livestock, raw manure, contaminated farm equipment, 
human exposure or possibly dust (Gorski, et.al, 2011; Haley, et.al, 2009). Previous 
studies in Virginia, California, Georgia, Canada, North Carolina, and New York show 
that it is more common to find and isolate Salmonella from water and soil than other 
sources like vegetables. This suggests that Salmonella can survive in the environment for 
extended periods of time (Bell et al., 2015; Patchanee et al., 2010, Strawn et al., 2013). 
California and Florida produce one half to three quarters of the United States tomato 
crops followed by Virginia (USDA ERS, 2016, Bell, et.al, 2015). With this interaction of 
animals, water, and agriculture in South Florida it is important that these isolates of 
Salmonella obtained are cataloged in the GenomeTrakr network for future reference.   
 Though none of these isolates sequenced in this study to my knowledge have been 
implicated in a foodborne outbreak there are four serovars present that are commonly 
implicated in human disease outbreaks and monitored across the United States: S. 
Enteritidis, S. Typhimurium, S. Newport, and S. Javiana. Of these, S. Newport, and S. 
Javiana were found in this sample set multiple times.  This finding of potential outbreak 
strains further supports the importance of understanding what serovars reside in the 
environment.  
 Isolates of Salmonella were more frequently obtained in the warmer summer 
months. With the top three serovars observed being cultured most frequently August 
through October 2015. The summer season is considered South Florida wet season. The 
area is exposed to high levels of rainfall and excessive runoff from surrounding land use. 
With the high amount of water runoff isolates that are not already present can enter 
Florida waterways. Additionally, hot air temperatures ranging from 23.5C to 37.1C 
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were observed driving water temperatures to be as high as 35C an ideal growing 
temperature for Salmonella. In contrast, the month with the least rainfall May 2016 
resulted in the least number of isolates cultured. The lack of standing water led to many 
of the sites being sampled to dry out, preventing a water sample from being collected 
however, soil was still collected at each site. This reduction in water resulted in dry soils 
that were less favorable for the growth of Salmonella (13). This is further supported by 
the observation of an increase in number of isolates obtained as each site entered the wet 
season again. With water returning to sites in June 2016 and water warming back up in 
July 2016 we can observe an increase in isolated obtained at this time. 
 
Top Three Serovars 
 The most common serovar observed in this sample set was Salmonella Rubislaw 
(n=28). This is considered a rare serovar and has not been implicated in an outbreak since 
the 1990s in the United States. It has been found to infect black pepper and spices in 
Brazil and lizards in Australia (Moffatt, 2010). There is also some suggestion that it 
resides in exotic reptiles that are commonly kept as pets. With its close association to 
reptiles it would make sense it would be found in high numbers within the Everglades, an 
ecosystem that holds many species of reptiles.  
The second most common serovar observed in this sample set was Salmonella 
Monetvideo (n=20). This serovar is in the top 10 most common Salmonella serovars 
observed in outbreaks. This serovar has been implicated in outbreaks related to 
pistashios, sesame paste, salami, and live chickens in the United States (CDC, 2016). 
This serovar is most commonly associated with interactions of live chickens 
(Lalsiamthara and Lee 2017). Being an agricultural area and chickens are common both 
as wild birds and as agricultural products in urban areas it is of no surprise it is prevalent 
in this data set.  
 The third most common serovar in this sample set was Salmonella Oranienburg 
(n=16). This serovar has been observed as an outbreak strain tied to egg shells in 2016 
(CDC, 2016). It is commonly isolated from animals such as horses, chicken, turkeys and 
wild animals (Jay-Russell, et al 2014). With the agricultural nature of the surrounding 
area it is of no surprise this serovar may be commonly cultured.  
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Conclusion 
 The South Florida ecosystem is a suitable environment for the long-term 
residence of Salmonella. As previous studies in other states have shown Salmonella is 
capable of residing in water and soil year round. It is more prevent in the months where 
standing water is high and water temperatures are warm. The dry season reduces the 
abundance of Salmonella in both water and soil samples. The most common serovars 
cultured are those associated with reptiles and agricultural products like cattle and 
produce.  
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Appendix Figures and Tables 
Appendix Figure 1: Photo of broth cultures TT and RV.  
 
 
Appendix Figure 2: Photo of Salmonlla culture on HE+N (Green plate), XLT-4 (Red 
Plate), and BSA (Grey Plate). On HE+N and XLT-4 cultures are black. On BSA cultures 
are dark or metallic with a brown stain surrounding it. 
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Appendix Figure 3: Photo of the MMS cassette 
 
 
Appendix Figure 4: Photo of the pump set up for water sampling on site. Solinst pump 
and MMS cassette run on a portable battery.  
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Appendix Table 1: Water filter samples and their corresponding metadata subject to 16s rRNA 
sequencing.  
SampleID Sample 
Number 
Month Water 
Temp 
(C) 
Air 
Temp 
(C) 
pH Latitude Longitude Site Rain 
(In) 
X0815.F1.1 1 August 27 27.8 6.68 26.29847 -81.3427 A 8.392 
X0815.F1.2 2 August 27 27.8 6.68 26.29847 -81.3427 A 8.392 
X0815.F2.1 3 August 31 32.4 7 26.33447 -81.5298 B 10.728 
X0815.F2.2 4 August 31 32.4 7 26.33447 -81.5298 B 10.728 
X0815.F3.1 5 August 35 28.1 7.13 26.36727 -81.4447 C 10.728 
X0815.F3.2 6 August 35 28.1 7.13 26.36727 -81.4447 C 10.728 
X0815.F4.1 7 August 31.3 33.5 7.2 26.35281 -80.2982 D 9.118 
X0815.F4.2 8 August 31.3 22.5 7.2 26.35281 -80.2982 D 9.118 
X0815.F5.1 9 August 33.5 37.1 7 26.15008 -80.4461 E 8.556 
X0815.F5.2 10 August 33.5 37.1 7 26.15008 -80.4461 E 8.556 
X0815.F6.1 11 August 32 35.8 7 26.06381 -80.312 F 7.645 
X0815.F6.2 12 August 32 35.8 7 26.06381 -80.312 F 7.645 
X0915.F1.1 13 September 26.8 25.8 6.72 26.29847 -81.3427 A 10.058 
X0915.F1.2 14 September 26.8 25.8 6.72 26.29847 -81.3427 A 10.058 
X0915.F2.1 15 September 27.7 26.3 7.1 26.33447 -81.5298 B 9.97 
X0915.F2.2 16 September 27.7 26.3 7.1 26.33447 -81.5298 B 9.97 
X0915.F4.1 17 September 33.8 34 7.1 26.35281 -80.2982 D 10.222 
X0915.F4.2 18 September 33.8 34 7.1 26.35281 -80.2982 D 10.222 
X0915.F5.1 19 September 29.6 33.3 7.1 26.15008 -80.4461 E 8.335 
X0915.F5.2 20 September 29.6 33.3 7.1 26.15008 -80.4461 E 8.335 
X0915.F6.1 21 September 30.8 35 7 26.06381 -80.312 F 8.863 
X0915.F6.2 22 September 30.8 35 7 26.06381 -80.312 F 8.863 
X1015.F1.1 23 October  26.6 28.5 6.89 26.29847 -81.3427 A 1.022 
X1015.F1.2 24 October  26.6 28.5 6.89 26.29847 -81.3427 A 1.022 
X1015.F2.1 25 October  26.8 24.2 7.41 26.33447 -81.5298 B 1.788 
X1015.F2.2 26 October  26.8 24.2 7.41 26.33447 -81.5298 B 1.788 
X1015.F3.1 27 October  25.1 23.5 7.44 26.36727 -81.4447 C 1.788 
X1015.F3.2 28 October  25.1 23.5 7.44 26.36727 -81.4447 C 1.788 
X1015.F4.1 29 October  31.6 32.1 7.6 26.35281 -80.2982 D 1.945 
X1015.F4.2 30 October  31.6 32.1 7.6 26.35281 -80.2982 D 1.945 
X1015.F5.1 31 October  29.6 35.3 7.4 26.15008 -80.4461 E 2.272 
X1015.F5.2 32 October  29.6 36.3 7.4 26.15008 -80.4461 E 2.272 
X1015.F6.1 33 October  30 32.8 7.2 26.06381 -80.312 F 3.878 
X1015.F6.2 34 October  30 32.8 7.2 26.06381 -80.312 F 3.878 
X1115.F1.1 35 November 27.2 30.2 7.71 26.29847 -81.3427 A 3.155 
X1115.F1.2 36 November 27.2 30.2 7.71 26.29847 -81.3427 A 3.155 
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X1115.F2.1 37 November 26.6 25 7.86 26.33447 -81.5298 B 4.403 
X1115.F2.2 38 November 26.6 25 7.86 26.33447 -81.5298 B 4.403 
X1115.F3.1 39 November 24.5 24.2 7.83 26.36727 -81.4447 C 4.403 
X1115.F3.2 40 November 24.5 24.2 7.83 26.36727 -81.4447 C 4.403 
X1115.F4.1 41 November 31.4 34 8.12 26.35281 -80.2982 D 5.355 
X1115.F4.2 42 November 31.4 34 8.12 26.35281 -80.2982 D 5.355 
X1115.F5.1 43 November 28.1 31.2 7.64 26.15008 -80.4461 E 4.293 
X1115.F5.2 44 November 28.1 31.2 7.64 26.15008 -80.4461 E 4.293 
X1115.F6.1 45 November 29.5 30.8 7.65 26.06381 -80.312 F 4.801 
X1115.F6.2 46 November 29.5 30.8 7.65 26.06381 -80.312 F 4.801 
X1215.F1.1 47 December 21.9 17.5 7.78 26.29847 -81.3427 A 2.455 
X1215.F1.2 48 December 21.9 17.5 7.78 26.29847 -81.3427 A 2.455 
X1215.F2.1 49 December 22.1 16.6 7.9 26.33447 -81.5298 B 2.664 
X1215.F2.2 50 December 22.1 16.6 7.9 26.33447 -81.5298 B 2.664 
X1215.F3.1 51 December 21.3 17.6 7.64 26.36727 -81.4447 C 2.664 
X1215.F3.2 52 December 21.3 17.6 7.64 26.36727 -81.4447 C 2.664 
X1215.F4.1 53 December 23.5 24.6 7.93 26.35281 -80.2982 D 6.951 
X1215.F4.2 54 December 23.5 24.6 7.93 26.35281 -80.2982 D 6.951 
X1215.F5.1 55 December 22.5 22.7 7.83 26.15008 -80.4461 E 5.566 
X1215.F5.2 56 December 22.5 22.7 7.83 26.15008 -80.4461 E 5.566 
X1215.F6.1 57 December 24.6 25 7.44 26.06381 -80.312 F 6.291 
X1215.F6.2 58 December 24.6 25 7.11 26.06381 -80.312 F 6.291 
X0116.F1.1 59 January 20.7 12.7 7.72 26.29847 -81.3427 A 11.017 
X0116.F1.2 60 January 20.7 12.7 7.72 26.29847 -81.3427 A 11.017 
X0116.F2.1 61 January 21.5 11.9 7.89 26.33447 -81.5298 B 11.102 
X0116.F2.2 62 January 21.5 11.9 7.89 26.33447 -81.5298 B 11.102 
X0116.F3.1 63 January 17.1 12.3 7.8 26.36727 -81.4447 C 11.102 
X0116.F3.2 64 January 17.1 12 7.8 26.36727 -81.4447 C 11.102 
X0116.F4.1 65 January 21.9 18.1 8.34 26.35281 -80.2982 D 9.006 
X0116.F4.2 66 January 21.9 18.1 8.34 26.35281 -80.2982 D 9.006 
X0116.F5.1 67 January 19.4 16.7 7.92 26.15008 -80.4461 E 11.39 
X0116.F5.2 68 January 19.4 16.7 7.92 26.15008 -80.4461 E 11.39 
X0116.F6.1 69 January 21.2 20 7.78 26.06381 -80.312 F 3.956 
X0116.F6.2 70 January 21.2 20 7.78 26.06381 -80.312 F 3.956 
X0216.F1.1 71 February 23 19.8 7.51 26.29847 -81.3427 A 2.371 
X0216.F1.2 72 February 23 19.8 7.51 26.29847 -81.3427 A 2.371 
X0216.F2.1 73 February 21.7 19.7 7.83 26.33447 -81.5298 B 2.009 
X0216.F2.2 74 February 21.7 19.7 7.83 26.33447 -81.5298 B 2.009 
X0216.F3.1 75 February 18.4 19.3 7.5 26.36727 -81.4447 C 2.009 
X0216.F3.2 76 February 18.4 19.3 7.5 26.36727 -81.4447 C 2.009 
X0216.F4.1 77 February 23.8 27.7 8.51 26.35281 -80.2982 D 3.319 
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X0216.F4.2 78 February 23.8 27.7 8.51 26.35281 -80.2982 D 3.319 
X0216.F5.1 79 February 23 25.8 8.23 26.15008 -80.4461 E 2.814 
X0216.F5.2 80 February 23 25.8 8.23 26.15008 -80.4461 E 2.814 
X0216.F6.1 81 February 23.5 28.3 7.9 26.06381 -80.312 F 3.956 
X0216.F6.2 82 February 23.5 28.3 7.9 26.06381 -80.312 F 3.956 
X0316.F1.1 83 March 20.5 21.5 7.47 26.29847 -81.3427 A 1.152 
X0316.F1.2 84 March 20.5 21.5 7.47 26.29847 -81.3427 A 1.152 
X0316.F2.1 85 March 19.5 17 7.72 26.33447 -81.5298 B 0.595 
X0316.F3.1 86 March 16.6 16.9 7.86 26.36727 -81.4447 C 0.595 
X0316.F3.2 87 March 16.6 16.9 7.86 26.36727 -81.4447 C 0.595 
X0316.F4.1 88 March 21.2 24.5 8.26 26.35281 -80.2982 D 3.863 
X0316.F4.2 89 March 21.2 24.5 8.26 26.35281 -80.2982 D 3.863 
X0316.F5.1 90 March 20.8 23.4 7.92 26.15008 -80.4461 E 3.613 
X0316.F5.2 91 March 20.8 23.4 7.92 26.15008 -80.4461 E 3.613 
X0316.F6.1 92 March 22.1 25.8 7.61 26.06381 -80.312 F 4.271 
X0316.F6.2 93 March 22.1 25.8 7.61 26.06381 -80.312 F 4.271 
X0416.F1.1 94 April 23.3 15.8 7.67 26.29847 -81.3427 A 1.262 
X0416.F1.2 95 April 23.3 15.8 7.67 26.29847 -81.3427 A 1.262 
X0416.F2.1 96 April 23.2 19.2 7.55 26.33447 -81.5298 B 1.032 
X0416.F2.2 97 April 23.2 19.2 7.55 26.33447 -81.5298 B 1.032 
X0416.F3.1 98 April 20.6 20.4 7.73 26.36727 -81.4447 C 1.032 
X0416.F3.2 99 April 20.6 20.4 7.73 26.36727 -81.4447 C 1.032 
X0416.F4.2 100 April 23.6 24 8 26.35281 -80.2982 D 0.023 
X0416.F5.1 101 April 23.4 24.9 7.54 26.15008 -80.4461 E 0.423 
X0416.F5.2 102 April 23.4 24.9 7.54 26.15008 -80.4461 E 0.423 
X0416.F6.1 103 April 24.4 25.7 7.76 26.06381 -80.312 F 0.189 
X0416.F6.2 104 April 24.4 25.7 7.76 26.06381 -80.312 F 0.189 
X0516.F1.1 105 May 24.2 15 7.41 26.29847 -81.3427 A 4.225 
X0516.F1.2 106 May 24.2 15 7.41 26.29847 -81.3427 A 4.225 
X0516.F2.1 107 May 24.1 14.3 7.49 26.33447 -81.5298 B 5.89 
X0516.F2.2 108 May 24.1 14.3 7.49 26.33447 -81.5298 B 5.89 
X0516.F3.1 109 May 24 13.8 7.53 26.36727 -81.4447 C 5.89 
X0516.F3.2 110 May 24 13.8 7.53 26.36727 -81.4447 C 5.89 
X0516.F4.1 111 May 24.6 25.5 7.9 26.35281 -80.2982 D 4.459 
X0516.F4.2 112 May 24.6 25.5 7.9 26.35281 -80.2982 D 4.459 
X0516.F5.1 113 May 26.6 30.7 7.79 26.15008 -80.4461 E 7.401 
X0516.F5.2 114 May 26.6 30.7 7.79 26.15008 -80.4461 E 7.401 
X0516.F6.1 115 May 26.6 31.2 7.82 26.06381 -80.312 F 4.46 
X0516.F6.2 116 May 27.2 31.2 7.82 26.06381 -80.312 F 4.46 
X0616.F1.1 117 June 26.6 24 7.47 26.29847 -81.3427 A 12.367 
X0616.F1.2 118 June 26.6 24 7.47 26.29847 -81.3427 A 12.367 
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X0616.F2.1 119 June 27.2 23.5 7.69 26.33447 -81.5298 B 12.96 
X0616.F2.2 120 June 27.2 23.5 7.69 26.33447 -81.5298 B 12.96 
X0616.F3.1 121 June 26 23 7.76 26.36727 -81.4447 C 12.96 
X0616.F3.2 122 June 26 23 7.76 26.36727 -81.4447 C 12.96 
X0616.F4.2 123 June 31.5 28.9 7.87 26.35281 -80.2982 D 4.67 
X0616.F5.1 124 June 27.8 30.2 7.63 26.15008 -80.4461 E 5.522 
X0616.F5.2 125 June 27.8 30.2 7.63 26.15008 -80.4461 E 5.522 
X0616.F6.1 126 June 27.5 31.8 7.73 26.06381 -80.312 F 5.653 
X0616.F6.2 127 June 27.5 31.8 7.73 26.06381 -80.312 F 5.653 
X0716.F1.1 128 July 28.4 25.2 7.46 26.29847 -81.3427 A 7.097 
X0716.F1.2 129 July 28.4 25.2 7.46 26.29847 -81.3427 A 7.097 
X0716.F2.1 130 July 28.6 26.1 7.38 26.33447 -81.5298 B 8.699 
X0716.F2.2 131 July 28.6 26.1 7.38 26.33447 -81.5298 B 8.699 
X0716.F3.1 132 July 26.8 26.9 7.35 26.36727 -81.4447 C 8.699 
X0716.F3.2 133 July 26.8 26.9 7.35 26.36727 -81.4447 C 8.699 
X0716.F4.1 134 July 32.4 31.5 8 26.35281 -80.2982 D 3.755 
X0716.F4.2 135 July 32.4 31.5 8 26.35281 -80.2982 D 3.755 
X0716.F5.1 136 July 31.1 32.1 7.52 26.15008 -80.4461 E 3.747 
X0716.F5.2 137 July 31.1 32.1 7.52 26.15008 -80.4461 E 3.747 
X0716.F6.1 138 July 30.8 33.2 7.87 26.06381 -80.312 F 5.125 
X0716.F6.2 139 July 30.8 33.2 7.87 26.06381 -80.312 F 5.125 
 
 
Appendix Table 2: Top 100 abundant OTU for the data set aggregated by site. OTUs 
were picked using the SILVA database and abundance was calculated in excel. 
Taxonomy ID can be found in supplementary material.  
 
OTU A B C D E F Average 
GU305851.1.1498 2.09E-02 5.54E-03 3.10E-02 8.20E-03 3.15E-02 3.31E-02 2.17E-02 
FN984864.1.1396 2.80E-02 2.25E-02 3.12E-02 1.12E-02 2.27E-02 1.10E-02 2.11E-02 
FM204983.1.1452 2.88E-02 1.33E-02 2.90E-02 1.66E-02 2.26E-02 1.61E-02 2.11E-02 
FN827311.1.1451 3.33E-02 1.82E-02 3.37E-02 1.02E-02 1.63E-02 1.21E-02 2.06E-02 
GU127185.1.1204 1.75E-02 1.66E-02 2.43E-02 6.34E-03 2.34E-02 3.38E-02 2.03E-02 
FN668106.1.1476 2.28E-02 5.62E-03 3.70E-02 7.29E-03 3.33E-02 1.19E-02 1.97E-02 
New.ReferenceOTU27 4.41E-02 2.74E-03 4.77E-02 1.76E-03 1.80E-02 1.40E-03 1.93E-02 
HM856413.1.1459 3.34E-02 1.35E-02 2.10E-02 4.66E-03 1.88E-02 5.62E-03 1.62E-02 
FR667282.1.1373 5.24E-03 3.52E-02 7.90E-05 1.88E-02 5.70E-03 2.07E-02 1.43E-02 
CU925775.1.1351 3.10E-02 8.29E-03 2.51E-02 1.98E-03 7.17E-03 1.10E-02 1.41E-02 
New.ReferenceOTU14
6 
1.76E-03 1.37E-02 9.55E-03 3.51E-03 2.02E-02 3.47E-02 1.39E-02 
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New.ReferenceOTU10
6 
1.85E-02 7.85E-03 2.46E-02 7.97E-03 8.97E-03 1.44E-02 1.37E-02 
GQ130152.1.1440 3.00E-03 7.35E-03 1.66E-05 4.04E-02 4.95E-03 1.24E-02 1.14E-02 
EU800810.1.1492 1.16E-03 5.04E-03 1.62E-04 1.43E-02 2.64E-02 1.94E-02 1.11E-02 
GU127240.1.1242 1.09E-03 1.46E-02 6.22E-03 8.02E-03 1.27E-02 2.23E-02 1.08E-02 
GQ340074.1.1468 7.62E-03 6.90E-03 1.09E-02 1.55E-02 1.48E-02 6.86E-03 1.04E-02 
FN668149.1.1477 1.76E-02 4.60E-03 1.13E-02 5.87E-03 1.60E-02 6.76E-03 1.03E-02 
KF037867.1.1498 1.07E-03 5.46E-03 1.48E-03 1.47E-02 2.50E-02 1.11E-02 9.79E-03 
HM129128.1.1449 1.70E-02 3.79E-03 1.81E-02 2.36E-03 8.54E-03 4.72E-03 9.08E-03 
KC253356.1.1482 1.14E-02 1.20E-02 6.10E-03 5.05E-03 4.23E-03 9.48E-03 8.04E-03 
FJ936865.1.1487 1.63E-02 6.33E-03 8.69E-03 5.11E-03 6.98E-03 4.12E-03 7.92E-03 
FN668259.1.1474 8.89E-05 1.38E-02 4.04E-05 1.17E-02 8.32E-04 1.90E-02 7.59E-03 
GQ500814.1.1436 6.15E-03 1.32E-02 7.83E-03 5.84E-03 6.05E-03 4.99E-03 7.34E-03 
DQ234177.1.1516 3.12E-02 1.43E-04 4.31E-03 4.07E-04 3.30E-03 1.58E-03 6.82E-03 
FN668296.1.1471 7.40E-04 1.01E-02 2.65E-05 1.24E-02 5.28E-04 1.71E-02 6.82E-03 
GU305818.1.1454 1.27E-04 9.40E-03 3.27E-05 9.63E-03 1.83E-03 1.84E-02 6.58E-03 
EU117671.1.1506 3.89E-03 8.98E-03 4.25E-03 5.63E-03 5.66E-03 9.86E-03 6.38E-03 
HQ828002.1.1489 4.54E-03 2.17E-03 1.24E-02 8.55E-03 7.32E-03 2.49E-03 6.25E-03 
HM128919.1.1456 6.99E-04 1.39E-02 4.43E-05 9.36E-03 5.40E-03 6.99E-03 6.07E-03 
New.ReferenceOTU15
12 
1.43E-02 9.40E-04 1.91E-02 3.04E-04 1.11E-03 7.19E-04 6.07E-03 
AB753921.1.1456 4.67E-03 3.54E-04 2.85E-02 6.95E-04 2.99E-05 1.90E-03 6.02E-03 
GU940854.1.1352 3.77E-03 1.59E-02 1.45E-03 4.59E-03 4.48E-03 4.64E-03 5.80E-03 
New.ReferenceOTU25
1 
2.58E-04 4.31E-03 1.93E-04 1.16E-02 9.65E-03 8.14E-03 5.69E-03 
FJ937709.1.1210 7.62E-03 4.43E-03 5.36E-03 3.00E-04 6.04E-04 1.37E-02 5.33E-03 
EU800535.1.1483 3.38E-03 3.23E-03 1.80E-03 5.42E-03 1.28E-02 4.65E-03 5.22E-03 
EU592502.1.1203 2.26E-03 7.66E-03 1.82E-04 6.26E-03 2.73E-03 1.00E-02 4.85E-03 
HE574392.1.1305 7.90E-03 7.82E-04 5.04E-03 1.43E-03 9.04E-03 2.22E-03 4.40E-03 
GU293203.1.1475 1.11E-04 1.21E-03 6.30E-06 1.16E-02 3.62E-03 9.80E-03 4.39E-03 
JX505351.1.1410 1.02E-02 2.47E-03 4.81E-03 2.16E-03 8.48E-04 5.83E-03 4.38E-03 
GU127188.1.1203 7.80E-04 6.96E-03 4.65E-04 3.99E-03 3.50E-03 9.62E-03 4.22E-03 
FN668204.1.1480 3.99E-04 1.77E-02 1.58E-03 1.15E-03 3.31E-03 7.22E-04 4.14E-03 
JN868732.1.1532 1.49E-03 5.77E-03 6.79E-04 6.53E-03 5.62E-03 4.57E-03 4.11E-03 
New.ReferenceOTU14
15 
2.76E-05 3.83E-03 1.11E-03 7.96E-03 1.09E-03 9.20E-03 3.87E-03 
KF826979.1.1400 7.27E-06 4.40E-05 1.68E-05 6.81E-03 1.07E-02 4.77E-03 3.72E-03 
FN668139.1.1473 5.23E-03 1.36E-03 1.25E-02 5.49E-04 6.07E-04 5.97E-04 3.47E-03 
FN668212.1.1505 4.04E-04 4.96E-03 2.13E-03 3.42E-03 4.37E-03 5.04E-03 3.39E-03 
AY345575.1.1433 6.06E-03 4.75E-03 2.15E-03 2.18E-03 3.33E-03 1.63E-03 3.35E-03 
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GU305795.1.1496 5.23E-03 4.61E-03 5.55E-03 8.51E-04 1.08E-03 2.73E-03 3.34E-03 
FM209307.1.1493 2.76E-03 4.19E-03 2.27E-03 4.72E-03 3.62E-03 2.15E-03 3.28E-03 
New.ReferenceOTU15
36 
2.74E-03 1.97E-03 7.82E-03 1.98E-03 3.18E-03 1.90E-03 3.26E-03 
GU305781.1.1459 1.16E-02 7.18E-04 2.98E-03 3.58E-03 2.20E-04 3.30E-04 3.24E-03 
AF216953.1.1407 5.88E-04 1.02E-02 1.90E-05 2.46E-03 2.10E-04 5.74E-03 3.21E-03 
JN626727.1.1334 5.16E-03 6.07E-04 3.65E-03 2.74E-03 5.50E-03 1.09E-03 3.12E-03 
KP687131.1.1473 1.47E-03 4.33E-03 5.14E-04 2.99E-03 7.50E-03 1.38E-03 3.03E-03 
GQ396841.1.1496 2.07E-03 5.06E-03 1.53E-03 5.14E-03 1.43E-03 2.89E-03 3.02E-03 
AY948044.1.1412 1.01E-03 1.19E-03 1.14E-02 2.98E-03 4.66E-04 8.82E-04 3.00E-03 
FN668197.1.1487 2.68E-03 3.28E-03 3.30E-03 2.89E-03 4.03E-03 1.47E-03 2.94E-03 
JN391801.1.1481 4.40E-03 7.93E-04 1.03E-02 4.37E-04 4.44E-04 8.19E-04 2.87E-03 
New.ReferenceOTU62
9 
5.11E-03 5.60E-04 3.77E-03 1.01E-03 4.96E-03 1.14E-03 2.76E-03 
GU134623.1.1403 1.80E-03 2.60E-04 1.09E-02 1.53E-03 1.59E-03 1.69E-04 2.71E-03 
EU133681.1.1364 1.26E-03 8.47E-03 7.74E-06 3.06E-03 5.12E-04 2.88E-03 2.70E-03 
JN941876.1.1435 1.47E-03 6.83E-03 1.52E-05 6.07E-03 2.90E-04 7.21E-04 2.57E-03 
GU305718.1.1477 1.82E-03 1.59E-03 8.81E-04 3.47E-03 5.87E-03 1.70E-03 2.56E-03 
KC253343.1.1480 6.57E-03 1.32E-04 6.49E-03 4.39E-04 1.39E-03 2.73E-04 2.55E-03 
GU127274.1.1226 5.81E-05 4.56E-03 1.06E-05 4.89E-03 7.27E-04 4.80E-03 2.51E-03 
AB753896.1.1428 1.21E-03 3.99E-03 5.79E-04 1.52E-03 4.17E-03 3.39E-03 2.48E-03 
GU472712.1.1450 2.07E-03 2.60E-03 2.92E-03 2.27E-03 2.83E-03 1.76E-03 2.41E-03 
GU936888.1.1457 2.39E-03 7.11E-03 4.74E-05 1.39E-03 1.11E-03 1.62E-03 2.28E-03 
KP686736.1.1449 6.84E-04 2.03E-03 4.67E-04 3.18E-03 4.41E-03 2.56E-03 2.22E-03 
AB661539.1.1411 4.07E-04 1.04E-02 5.58E-05 9.00E-04 1.01E-03 5.57E-04 2.22E-03 
GU305699.1.1490 6.10E-06 1.47E-03 6.26E-06 5.70E-03 2.45E-04 5.82E-03 2.21E-03 
KJ624065.29957.3142
2 
2.02E-03 3.95E-03 3.59E-04 3.06E-03 2.03E-03 1.59E-03 2.17E-03 
GQ158666.1.1405 3.46E-03 1.51E-03 5.44E-03 4.05E-04 1.11E-03 9.19E-04 2.14E-03 
HG529130.1.1255 2.32E-05 6.64E-05 7.98E-05 8.58E-03 2.18E-03 1.60E-03 2.09E-03 
GU127177.1.1205 2.45E-04 1.69E-03 2.17E-03 2.59E-03 2.79E-03 2.73E-03 2.04E-03 
DQ059300.1.1495 1.89E-03 1.80E-03 1.61E-04 3.82E-03 2.14E-03 2.12E-03 1.99E-03 
GU127198.1.1215 1.07E-03 2.98E-03 1.74E-04 1.56E-03 1.57E-03 4.41E-03 1.96E-03 
FM161354.1.1520 2.14E-03 4.02E-03 1.57E-03 2.20E-03 7.92E-04 1.01E-03 1.96E-03 
AB930586.1.1408 8.08E-05 5.69E-03 2.06E-06 5.26E-03 1.33E-04 5.44E-04 1.95E-03 
GU127184.1.1209 1.70E-03 1.74E-03 5.58E-04 1.60E-03 3.38E-03 2.61E-03 1.93E-03 
New.ReferenceOTU12
25 
3.01E-03 4.09E-03 8.61E-04 1.15E-03 1.06E-03 1.34E-03 1.92E-03 
GU941035.1.1370 2.70E-03 1.10E-03 2.22E-03 1.27E-03 2.73E-03 1.40E-03 1.90E-03 
JN679208.1.1371 7.03E-04 7.45E-05 1.02E-02 2.69E-05 1.51E-04 1.41E-04 1.89E-03 
 72 
FJ946540.1.1290 9.55E-04 3.60E-03 1.27E-03 2.98E-03 1.15E-03 1.13E-03 1.85E-03 
FN668214.1.1474 3.38E-03 9.94E-04 4.38E-03 2.41E-04 1.10E-03 8.74E-04 1.83E-03 
FJ172065.1.1479 7.77E-04 1.56E-04 5.23E-04 5.36E-04 6.16E-03 2.73E-03 1.81E-03 
FJ960103.1.1365 1.47E-03 2.86E-06 1.76E-06 8.35E-03 2.72E-04 6.53E-04 1.79E-03 
FJ612299.1.1484 3.79E-05 6.36E-04 2.33E-04 1.91E-03 6.15E-03 1.52E-03 1.75E-03 
FM955622.1.1508 2.74E-03 1.24E-03 3.68E-03 7.85E-04 9.05E-04 1.14E-03 1.75E-03 
HM128951.1.1451 2.14E-03 1.00E-03 2.68E-03 9.33E-04 2.60E-03 8.56E-04 1.70E-03 
New.ReferenceOTU40
4 
2.30E-05 9.04E-04 6.11E-06 2.30E-03 9.11E-04 5.89E-03 1.67E-03 
New.ReferenceOTU13
08 
2.59E-03 4.34E-05 6.65E-03 9.68E-05 1.04E-05 5.50E-04 1.66E-03 
KC899218.1.1345 1.41E-04 9.78E-04 1.10E-05 1.40E-03 3.62E-03 3.71E-03 1.64E-03 
AB470422.1.1381 2.03E-03 3.87E-03 4.32E-04 1.11E-03 1.46E-03 9.44E-04 1.64E-03 
KC836073.1.1491 1.90E-04 1.30E-03 7.66E-06 3.20E-03 6.28E-04 4.51E-03 1.64E-03 
HQ860502.1.1449 7.34E-04 1.15E-03 2.48E-03 1.04E-03 3.52E-03 8.74E-04 1.63E-03 
FR691485.1.1536 8.93E-03 1.04E-04 4.63E-04 9.13E-05 7.50E-05 1.23E-04 1.63E-03 
KF064814.1.1344 2.76E-03 8.15E-05 5.48E-03 2.96E-04 5.04E-04 4.64E-04 1.60E-03 
HM481337.1.1477 7.71E-03 3.24E-05 9.49E-04 6.61E-05 1.45E-04 6.57E-04 1.59E-03 
New.ReferenceOTU10
96 
4.97E-05 1.85E-03 6.66E-06 2.92E-03 2.44E-03 2.26E-03 1.59E-03 
 
Appendix Table 3: Isolates sequenced and the corresponding data used to identify each 
isolated within NCBI 
Strain Genus BioProject CFSAN ID SRANumber Coverage 
NSUOC-0004-W2X Salmonella PRJNA342956 CFSAN064387 SRR5649883 42X 
NSUOC-0005-W2B Salmonella PRJNA342956 CFSAN064388 SRR5649633 52X 
NSUOC-0007-S2-2X Salmonella PRJNA342956 CFSAN064389 SRR5649922 63X 
NSUOC-0009-S3-1X Salmonella PRJNA342956 CFSAN064391 SRR5650191 93X 
NSUOC-0010-S3-2X Salmonella PRJNA342956 CFSAN055653 SRR4420718 40X 
NSUOC-0011-S3-2H Salmonella PRJNA342956 CFSAN055654 SRR4427812 48X 
NSUOC-0012-S3-2H2 Salmonella PRJNA342956 CFSAN055655 SRR4420717 43X 
NSUOC-0013-W4X Salmonella PRJNA342956 CFSAN055656 SRR4420716 52X 
NSUOC-0014-W4X2 Salmonella PRJNA342956 CFSAN055657 SRR4420715 51X 
NSUOC-0015-W4H Salmonella PRJNA342956 CFSAN064392 SRR5650715 86X 
NSUOC-0016-W4B Salmonella PRJNA342956 CFSAN064393 SRR5649618 28X 
NSUOC-0018-W4H Salmonella PRJNA342956 CFSAN055658 SRR4420714 27X 
NSUOC-0019-S4-2X Salmonella PRJNA342956 CFSAN055659 SRR4420713 35X 
NSUOC-0020-S4-2H Salmonella PRJNA342956 CFSAN055660 SRR4420712 54X 
NSUOC-0022-W5H Salmonella PRJNA342956 CFSAN064394 SRR5650722 82X 
NSUOC-0024-S5-1B Salmonella PRJNA342956 CFSAN064395 SRR5649837 105X 
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NSUOC-0025-W6X Salmonella PRJNA342956 CFSAN055661 SRR4420711 87X 
NSUOC-0026-W6X2 Salmonella PRJNA342956 CFSAN055662 SRR4420710 53X 
NSUOC-0027-S6-1X2 Salmonella PRJNA342956 CFSAN055663 SRR4420709 59X 
NSUOC-0028-S6-1H Salmonella PRJNA342956 CFSAN055664 SRR4420708 58X 
NSUOC-0029-S6-1B Salmonella PRJNA342956 CFSAN055665 SRR4420707 42X 
NSUOC-0030-S6-1B2 Salmonella PRJNA342956 CFSAN055666 SRR4420706 42X 
NSUOC-0031-S6-2X Salmonella PRJNA342956 CFSAN055667 SRR4420704 53X 
NSUOC-0032-S6-2X2 Salmonella PRJNA342956 CFSAN055668 SRR4420703 41X 
NSUOC-0033-S6-1H Salmonella PRJNA342956 CFSAN055669 SRR4420702 47X 
NSUOC-0034-S6-2X3 Salmonella PRJNA342956 CFSAN055670 SRR4420701 48X 
NSUOC-0035-S6-2X2 Salmonella PRJNA342956 CFSAN055671 SRR4420700 59X 
NSUOC-0037-S1-2X Salmonella PRJNA342956 CFSAN055672 SRR4420699 54X 
NSUOC-0038-S6-1X Salmonella PRJNA342956 CFSAN055673 SRR4420698 60X 
NSUOC-0039-W1X Salmonella PRJNA342956 CFSAN055674 SRR4420697 59X 
NSUOC-0040-S1-1X Salmonella PRJNA342956 CFSAN055675 SRR4429104 28X 
NSUOC-0041-S1-2X Salmonella PRJNA342956 CFSAN055676 SRR4429102 26X 
NSUOC-0042-W2X Salmonella PRJNA342956 CFSAN055677 SRR4427856 30X 
NSUOC-0045-W5X Salmonella PRJNA342956 CFSAN055678 SRR4427854 22X 
NSUOC-0046-W6X Salmonella PRJNA342956 CFSAN055679 SRR4427855 25X 
NSUOC-0048-S1-1B Salmonella PRJNA342956 CFSAN055680 SRR4429099 24X 
NSUOC-0049-S1-1B2 Salmonella PRJNA342956 CFSAN055681 SRR4429101 20X 
NSUOC-0050-S1-1B3 Salmonella PRJNA342956 CFSAN055682 SRR4429095 29X 
NSUOC-0051-S6-2B Salmonella PRJNA342956 CFSAN055683 SRR4429097 23X 
NSUOC-0053-S6-2B Salmonella PRJNA342956 CFSAN055685 SRR4429100 20X 
NSUOC-0054-S6-2B2 Salmonella PRJNA342956 CFSAN055686 SRR4429098 26X 
NSUOC-0056-W6B2 Salmonella PRJNA342956 CFSAN055688 SRR4427851 31X 
NSUOC-0057-W2B Salmonella PRJNA342956 CFSAN055689 SRR4427849 36X 
NSUOC-0058-W2B2 Salmonella PRJNA342956 CFSAN055690 SRR4427852 36X 
NSUOC-0059-W1B Salmonella PRJNA342956 CFSAN055691 SRR4427853 34X 
NSUOC-0060-W2B2 Salmonella PRJNA342956 CFSAN064396 SRR5649974 26X 
NSUOC-0061-W1B3 Salmonella PRJNA342956 CFSAN055692 SRR4427845 23X 
NSUOC-0062-S1-2B Salmonella PRJNA342956 CFSAN055693 SRR4429096 29X 
NSUOC-0063-S1-2B2 Salmonella PRJNA342956 CFSAN055694 SRR4429091 31X 
NSUOC-0064-S2-1B Salmonella PRJNA342956 CFSAN064397 SRR5649895 75X 
NSUOC-0065-S5-2B Salmonella PRJNA342956 CFSAN064398 SRR5650519 49X 
NSUOC-0066-W5B Salmonella PRJNA342956 CFSAN055695 SRR4427848 36X 
NSUOC-0067-W5B2 Salmonella PRJNA342956 CFSAN055696 SRR4427850 28X 
NSUOC-0068-S3-1B Salmonella PRJNA342956 CFSAN055697 SRR4429092 24X 
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NSUOC-0069-S5-2B2 Salmonella PRJNA342956 CFSAN055698 SRR4429094 25X 
NSUOC-0070-S3-2B Salmonella PRJNA342956 CFSAN055699 SRR5000231 64X 
NSUOC-0071-S5-2B3 Salmonella PRJNA342956 CFSAN055700 SRR5000226 54X 
NSUOC-0072-W3B Salmonella PRJNA342956 CFSAN055701 SRR5000185 63X 
NSUOC-0073-W3B2 Salmonella PRJNA342956 CFSAN055702 SRR5232054 64X 
NSUOC-0074-W4B Salmonella PRJNA342956 CFSAN055703 SRR5000187 77X 
NSUOC-0075-W6H Salmonella PRJNA342956 CFSAN055704 SRR5000191 75X 
NSUOC-0076-S5-2H Salmonella PRJNA342956 CFSAN055705 SRR5000232 38X 
NSUOC-0077-S6-1H Salmonella PRJNA342956 CFSAN055706 SRR5000229 71X 
NSUOC-0078-S3-1H Salmonella PRJNA342956 CFSAN055707 SRR5000224 51X 
NSUOC-0079-W5H Salmonella PRJNA342956 CFSAN055708 SRR5000189 69X 
NSUOC-0080-S1-1H Salmonella PRJNA342956 CFSAN055709 SRR5000217 50X 
NSUOC-0081-W2H Salmonella PRJNA342956 CFSAN055710 SRR5000184 81X 
NSUOC-0082-W3H Salmonella PRJNA342956 CFSAN055711 SRR5000190 45X 
NSUOC-0083-W1H Salmonella PRJNA342956 CFSAN055712 SRR5000186 89X 
NSUOC-0084-S4-1H Salmonella PRJNA342956 CFSAN055713 SRR5000220 44X 
NSUOC-0085-S4-2H Salmonella PRJNA342956 CFSAN064399 SRR5650583 52X 
NSUOC-0086-W4H Salmonella PRJNA342956 CFSAN055714 SRR5000188 64X 
NSUOC-0091-W1X Salmonella PRJNA342956 CFSAN055715 SRR5000182 104X 
NSUOC-0092-W1H Salmonella PRJNA342956 CFSAN064400 SRR5650717 37X 
NSUOC-0093-W2H Salmonella PRJNA342956 CFSAN055716 SRR5000183 61X 
NSUOC-0094-W2X Salmonella PRJNA342956 CFSAN055717 SRR5000180 72X 
NSUOC-0095-W2B Salmonella PRJNA342956 CFSAN055718 SRR5000179 62X 
NSUOC-0096-W3B Salmonella PRJNA342956 CFSAN055719 SRR5000181 122X 
NSUOC-0097-W3H Salmonella PRJNA342956 CFSAN055720 SRR5000149 75X 
NSUOC-0098-W3X Salmonella PRJNA342956 CFSAN055721 SRR5000146 65X 
NSUOC-0099-W4X Salmonella PRJNA342956 CFSAN055722 SRR5000147 41X 
NSUOC-0100-W4H Salmonella PRJNA342956 CFSAN055723 SRR5105128 88X 
NSUOC-0101-W5H Salmonella PRJNA342956 CFSAN055724 SRR5105129 93X 
NSUOC-0102-W5X Salmonella PRJNA342956 CFSAN055725 SRR5105130 68X 
NSUOC-0103-W6H Salmonella PRJNA342956 CFSAN055726 SRR5105127 103X 
NSUOC-0104-W6X Salmonella PRJNA342956 CFSAN055727 SRR5105116 60X 
NSUOC-0105-S1-1H Salmonella PRJNA342956 CFSAN055728 SRR5105126 80X 
NSUOC-0106-S1-1X Salmonella PRJNA342956 CFSAN055729 SRR5105072 56X 
NSUOC-0110-S3-2H Salmonella PRJNA342956 CFSAN055730 SRR5105124 114X 
NSUOC-0111-S3-2X Salmonella PRJNA342956 CFSAN055731 SRR5105119 72X 
NSUOC-0112-S5-1H Salmonella PRJNA342956 CFSAN055732 SRR5410072 32X 
NSUOC-0113-S5-1X Salmonella PRJNA342956 CFSAN055733 SRR5105118 45X 
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NSUOC-0114-S5-2H Salmonella PRJNA342956 CFSAN055734 SRR5105115 41X 
NSUOC-0115-S5-2X Salmonella PRJNA342956 CFSAN055735 SRR5105113 89X 
NSUOC-0116-S6-1H Salmonella PRJNA342956 CFSAN055736 SRR5105078 93X 
NSUOC-0117-S6-1X Salmonella PRJNA342956 CFSAN055737 SRR5410069 47X 
NSUOC-0118-S6-1B Salmonella PRJNA342956 CFSAN055738 SRR5232053 34X 
NSUOC-0120-W1X Salmonella PRJNA342956 CFSAN064402 SRR5650772 44X 
NSUOC-0121-S1-2B2 Salmonella PRJNA342956 CFSAN064403 SRR5650623 37X 
NSUOC-0129-S4-1X Salmonella PRJNA342956 CFSAN055739 SRR5232011 53X 
NSUOC-0141-S4-1H Salmonella PRJNA342956 CFSAN064404 SRR5649865 132X 
NSUOC-0142-S4-1H2 Salmonella PRJNA342956 CFSAN055740 SRR5231999 33X 
NSUOC-0143-S4-1H3 Salmonella PRJNA342956 CFSAN055741 SRR5232029 33X 
NSUOC-0146-S6-2B Salmonella PRJNA342956 CFSAN055742 SRR5231991 34X 
NSUOC-0147-S6-2B2 Salmonella PRJNA342956 CFSAN055743 SRR5231995 51X 
NSUOC-0148-S6-2B3 Salmonella PRJNA342956 CFSAN055744 SRR5231993 57X 
NSUOC-0149-W6X Salmonella PRJNA342956 CFSAN055745 SRR5231994 71X 
NSUOC-0150-W6H Salmonella PRJNA342956 CFSAN055746 SRR5232013 48X 
NSUOC-0151-S6-1H Salmonella PRJNA342956 CFSAN055747 SRR5141840 20X 
NSUOC-0152-S6-1X Salmonella PRJNA342956 CFSAN055748 SRR5141873 24X 
NSUOC-0154-S6-2H Salmonella PRJNA342956 CFSAN058906 SRR5141856 46X 
NSUOC-0157-W1X Salmonella PRJNA342956 CFSAN058908 SRR5141857 95X 
NSUOC-0158-W2X Salmonella PRJNA342956 CFSAN058909 SRR5141872 72X 
NSUOC-0159-W3X Salmonella PRJNA342956 CFSAN058910 SRR5141842 72X 
NSUOC-0160-W4X Salmonella PRJNA342956 CFSAN058911 SRR5141871 82X 
NSUOC-0161-W5X Salmonella PRJNA342956 CFSAN058912 SRR5141859 94X 
NSUOC-0162-W6X Salmonella PRJNA342956 CFSAN058913 SRR5141858 65X 
NSUOC-0163-S2-1X Salmonella PRJNA342956 CFSAN058914 SRR5141841 90X 
NSUOC-0164-S4-2X Salmonella PRJNA342956 CFSAN058915 SRR5152237 94X 
NSUOC-0165-S5-1X Salmonella PRJNA342956 CFSAN058916 SRR5152236 51X 
NSUOC-0166-S5-2X Salmonella PRJNA342956 CFSAN058917 SRR5152230 53X 
NSUOC-0167-S6-1X Salmonella PRJNA342956 CFSAN058918 SRR5152235 39X 
NSUOC-0168-S6-2X Salmonella PRJNA342956 CFSAN058919 SRR5232000 46X 
NSUOC-0169-W1B Salmonella PRJNA342956 CFSAN058920   84X 
NSUOC-0170-W4B Salmonella PRJNA342956 CFSAN058921 SRR5152231 61X 
NSUOC-0171-W5B Salmonella PRJNA342956 CFSAN058922   59X 
NSUOC-0172-W6B Salmonella PRJNA342956 CFSAN064405 SRR5650530 50X 
NSUOC-0173-S5-1B Salmonella PRJNA342956 CFSAN058923   58X 
NSUOC-0174-S5-2B Salmonella PRJNA342956 CFSAN058924 SRR5410068 45X 
NSUOC-0175-W1H Salmonella PRJNA342956 CFSAN058925 SRR5410088 55X 
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NSUOC-0177-W3H Salmonella PRJNA342956 CFSAN064406 SRR5649862 84X 
NSUOC-0178-W4H Salmonella PRJNA342956 CFSAN064407 SRR5649854 65X 
NSUOC-0179-W5H Salmonella PRJNA342956 CFSAN058926 SRR5410086 49X 
NSUOC-0180-W6H Salmonella PRJNA342956 CFSAN058927 SRR5410085 45X 
NSUOC-0181-S1-2H Salmonella PRJNA342956 CFSAN058928 SRR5410087 69X 
NSUOC-0183-S4-2H Salmonella PRJNA342956 CFSAN058930 SRR5410081 85X 
NSUOC-0184-S5-1H Salmonella PRJNA342956 CFSAN058931 SRR5410084 54X 
NSUOC-0192-W1X Salmonella PRJNA342956 CFSAN064408 SRR5650710 67X 
NSUOC-0194-S112X Salmonella PRJNA342956 CFSAN064409 SRR5650775 56X 
NSUOC-0199-S2-2H Salmonella PRJNA342956 CFSAN058940 SRR5235589 26X 
NSUOC-0201-S3-1X Salmonella PRJNA342956 CFSAN058942 SRR5235587 22X 
NSUOC-0202-W4X Salmonella PRJNA342956 CFSAN058943 SRR5235588 26X 
NSUOC-0203-W4H Salmonella PRJNA342956 CFSAN058944 SRR5235590 33X 
NSUOC-0205-W5H Salmonella PRJNA342956 CFSAN058946 SRR5235584 20X 
NSUOC-0207-W6H Salmonella PRJNA342956 CFSAN058948 SRR5244428 41X 
NSUOC-0208-S6-1X Salmonella PRJNA342956 CFSAN058949 SRR5244426 40X 
NSUOC-0209-S6-1H Salmonella PRJNA342956 CFSAN058950 SRR5244427 103X 
NSUOC-0210-S6-2X Salmonella PRJNA342956 CFSAN058951 SRR5244431 85X 
NSUOC-0211-S6-2H Salmonella PRJNA342956 CFSAN058952 SRR5244421 79X 
NSUOC-0212-S6-2X Salmonella PRJNA342956 CFSAN058953 SRR5244416 66X 
NSUOC-0213-S6-2H Salmonella PRJNA342956 CFSAN058954 SRR5244415 86X 
NSUOC-0214-S1-1H Salmonella PRJNA342956 CFSAN058955 SRR5244420 78X 
NSUOC-0215-W2X Salmonella PRJNA342956 CFSAN058956 SRR5244408 46X 
NSUOC-0216-W2H Salmonella PRJNA342956 CFSAN058957 SRR5244418 72X 
NSUOC-0217W4X Salmonella PRJNA342956 CFSAN058958 SRR5244412 73X 
NSUOC-0218-W4H Salmonella PRJNA342956 CFSAN058959 SRR5244417 66X 
NSUOC-0219-W5X Salmonella PRJNA342956 CFSAN058960 SRR5244413 28X 
NSUOC-0220-W5H Salmonella PRJNA342956 CFSAN058961 SRR5244419 35X 
NSUOC-0222-W6X Salmonella PRJNA342956 CFSAN058962 SRR5244409 26X 
NSUOC-0223-W6H Salmonella PRJNA342956 CFSAN058963 SRR5244410 75X 
NSUOC-0224-S6-2X Salmonella PRJNA342956 CFSAN058964 SRR5244414 56X 
NSUOC-0225-S6-2H Salmonella PRJNA342956 CFSAN058965 SRR5244404 40X 
NSUOC-0226-W1X Salmonella PRJNA342956 CFSAN058966 SRR5244411 59X 
NSUOC-0227-W1H Salmonella PRJNA342956 CFSAN058967 SRR5244407 46X 
NSUOC-0229-S1-2X Salmonella PRJNA342956 CFSAN058968 SRR5244406 71X 
NSUOC-0230-S1-2B Salmonella PRJNA342956 CFSAN058969 SRR5244405 37X 
NSUOC-0231-W2X Salmonella PRJNA342956 CFSAN058970 SRR5244401 112X 
NSUOC-0234-W4B Salmonella PRJNA342956 CFSAN058971 SRR5244399 120X 
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NSUOC-0235-W6X Salmonella PRJNA86767 CFSAN001286 SRR5341908 129X 
NSUOC-0240-W6H Salmonella PRJNA342956 CFSAN058972 SRR5341916 78X 
NSUOC-0242-W1H Salmonella PRJNA342956 CFSAN058973 SRR5341914 76X 
NSUOC-0243-W2H Salmonella PRJNA342956 CFSAN058974 SRR5341915 57X 
NSUOC-0245-W2X Salmonella PRJNA342956 CFSAN058975 SRR5341913 85X 
NSUOC-0246-W3 Salmonella PRJNA342956 CFSAN058976 SRR5341911 54X 
NSUOC-0247-W3H Salmonella PRJNA342956 CFSAN058977 SRR5341912 66X 
NSUOC-0250-S5-2H Salmonella PRJNA63683 CFSAN001285 SRR5341910 182X 
NSUOC-0251-S5-2X Salmonella PRJNA342956 CFSAN058979 SRR5341909 184X 
NSUOC-0252-S5-2X2 Salmonella PRJNA342956 CFSAN058980 SRR5341907 154X 
NSUOC-0254-S6-1X Salmonella PRJNA342956 CFSAN058982 SRR5380928 38X 
NSUOC-0255-S6-1X2 Salmonella PRJNA342956 CFSAN058983 SRR5380944 47X 
NSUOC-0256-W6H Salmonella PRJNA342956 CFSAN058984 SRR5380887 47X 
NSUOC-0257-S6-1H Salmonella PRJNA342956 CFSAN058985 SRR5380929 53X 
NSUOC-0260-S2-2X Salmonella PRJNA342956 CFSAN058986 SRR5380931 37X 
NSUOC-0261-S2-1X Salmonella PRJNA342956 CFSAN058987 SRR5380878 39X 
NSUOC-0262-W1X Salmonella PRJNA161325 CFSAN001287 SRR5380889 97X 
NSUOC-0263-W1H Salmonella PRJNA161461 CFSAN001288 SRR5380881 30X 
NSUOC-0264-W2X Salmonella PRJNA342956 CFSAN058990 SRR5380880 52X 
NSUOC-0265W2H Salmonella PRJNA342956 CFSAN058991 SRR5380882 47X 
NSUOC-0266-S2-2H Salmonella PRJNA342956 CFSAN058992 SRR5380890 76X 
NSUOC-0267-S2-2X Salmonella PRJNA161703 CFSAN001290 SRR5380884 81X 
NSUOC-0268-W3X Salmonella PRJNA342956 CFSAN058994 SRR5380885 53X 
NSUOC-0269-S3-1H Salmonella PRJNA161463 CFSAN001291 SRR5380876 51X 
NSUOC-0270-W3H Salmonella PRJNA342956 CFSAN058996 SRR5380873 45X 
NSUOC-0271-S4-1X Salmonella PRJNA342956 CFSAN058997 SRR5380874 56X 
NSUOC-0272-W4H Salmonella PRJNA342956 CFSAN058998 SRR5380883 28X 
NSUOC-0273-W4X Salmonella PRJNA342956 CFSAN058999 SRR5380875 46X 
NSUOC-0274-S4-2H Salmonella PRJNA342956 CFSAN059000 SRR5380872 56X 
NSUOC-0275-S4-1H Salmonella PRJNA342956 CFSAN059001 SRR5380870 76X 
NSUOC-0276-S4-2X Salmonella PRJNA342956 CFSAN059002 SRR5380865 34X 
NSUOC-0277-W5H Salmonella PRJNA342956 CFSAN059003 SRR5380869 70X 
NSUOC-0278-W5X Salmonella PRJNA342956 CFSAN059004 SRR5380868 75X 
NSUOC-0279-W6X Salmonella PRJNA342956 CFSAN059005 SRR5410082 49X 
NSUOC-0280-S6-1H Salmonella PRJNA342956 CFSAN059006 SRR5410083 38X 
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Appendix Table 4: Ridom assembly table showing ST number, N50 and Read Length for 
each isolate sequenced.   
Sample ID ST 
N50 
(Assembled) 
Avg. Read 
Length 
(Unassembled) 
Avg. Read 
Length 
(Processed, 
Unassembled) 
NSUOC-0001-S1-1X 
NA 890 192 177 
NSUOC-0002-S1-1B NA 3151 189 180 
NSUOC-0003-S1-1B2 
Incomplete 5238 188 174 
NSUOC-0004-W2X 1575 8253 190 177 
NSUOC-0005-W2B 
754 12168 182 169 
NSUOC-0007-S2-2X 1575 20822 168 158 
NSUOC-0008-S3-1B 
NA 323 165 123 
NSUOC-0009-S3-1X 26 147267 181 168 
NSUOC-0010-S3-2X 
2505 25420 228 193 
NSUOC-0011-S3-2H 2505 25597 229 194 
NSUOC-0012-S3-2H2 
2505 22089 229 190 
NSUOC-0013-W4X 64 33773 227 195 
NSUOC-0014-W4X2 
64 30491 229 196 
NSUOC-0015-W4H 45 401651 176 167 
NSUOC-0016-W4B 
50 41925 187 174 
NSUOC-0018-W4H 94 16821 233 193 
NSUOC-0019-S4-2X 
Incomplete 3221 232 197 
NSUOC-0020-S4-2H 1575 42397 222 190 
NSUOC-0022-W5H 
19 47306 184 170 
NSUOC-0024-S5-1B 1575 209179 161 152 
NSUOC-0025-W6X 
NA 104220 208 183 
NSUOC-0026-W6X2 1575 44042 203 180 
NSUOC-0027-S6-1X2 
4 60289 201 176 
NSUOC-0028-S6-1H 94 80056 191 172 
NSUOC-0029-S6-1B 
Incomplete 4249 209 186 
NSUOC-0030-S6-1B2 Incomplete 57019 208 184 
NSUOC-0031-S6-2X 
4 90277 192 171 
NSUOC-0032-S6-2X2 Incomplete 2914 215 182 
NSUOC-0033-S6-1H 
4 39209 230 198 
NSUOC-0034-S6-2X3 4 26728 231 198 
NSUOC-0035-S6-2X2 
4 28471 227 192 
NSUOC-0037-S1-2X Incomplete 46532 227 200 
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NSUOC-0038-S6-1X Incomplete 35448 223 198 
NSUOC-0039-W1X 
94 46702 219 192 
NSUOC-0040-S1-1X Incomplete 42880 210 187 
NSUOC-0041-S1-2X 
871 14756 214 190 
NSUOC-0042-W2X 94 58241 204 180 
NSUOC-0045-W5X 
23 13997 201 171 
NSUOC-0046-W6X Incomplete 14728 193 171 
NSUOC-0048-S1-1B 
2519 17299 191 171 
NSUOC-0049-S1-1B2 Incomplete 14167 194 173 
NSUOC-0050-S1-1B3 
64 55401 195 174 
NSUOC-0051-S6-2B Incomplete 1660 197 173 
NSUOC-0052-S6-2B2 
Incomplete 6344 197 175 
NSUOC-0053-S6-2B Incomplete 10866 197 176 
NSUOC-0054-S6-2B2 
Incomplete 22592 198 176 
NSUOC-0055-W6B 754 6720 203 180 
NSUOC-0056-W6B2 
NA 3758 199 178 
NSUOC-0057-W2B 195 98999 193 172 
NSUOC-0058-W2B2 
1575 71321 194 175 
NSUOC-0059-W1B 94 68491 193 173 
NSUOC-0060-W2B2 
Incomplete 29975 183 175 
NSUOC-0061-W1B3 Incomplete 9686 202 180 
NSUOC-0062-S1-2B 
871 24029 197 177 
NSUOC-0063-S1-2B2 871 28676 193 173 
NSUOC-0064-S2-1B 
Incomplete 141529 185 176 
NSUOC-0065-S5-2B NA 166888 189 178 
NSUOC-0066-W5B 
2505 45711 193 174 
NSUOC-0067-W5B2 1575 34391 193 173 
NSUOC-0068-S3-1B 
Incomplete 15056 195 176 
NSUOC-0069-S5-2B2 1575 21422 189 170 
NSUOC-0070-S3-2B 
931 32932 225 182 
NSUOC-0071-S5-2B3 1575 26899 227 183 
NSUOC-0072-W3B 
? (unknown) 23664 223 178 
NSUOC-0073-W3B2 22 175767 192 164 
NSUOC-0074-W4B 
1531 47353 218 177 
NSUOC-0075-W6H 94 64420 192 162 
NSUOC-0076-S5-2H 
1575 20791 190 162 
NSUOC-0077-S6-1H 2519 68459 197 165 
NSUOC-0078-S3-1H 
NA 27715 227 188 
NSUOC-0079-W5H 23 91609 175 150 
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NSUOC-0080-S1-1H 64 87334 181 155 
NSUOC-0081-W2H 
2053 94778 166 142 
NSUOC-0082-W3H 931 21547 219 176 
NSUOC-0083-W1H 
94 58702 199 169 
NSUOC-0084-S4-1H NA 12389 231 184 
NSUOC-0085-S4-2H 
Incomplete 194524 176 168 
NSUOC-0086-W4H 1531 47302 222 185 
NSUOC-0091-W1X 
1575 76268 181 156 
NSUOC-0092-W1H 1575 71355 172 165 
NSUOC-0093-W2H 
1575 47526 205 172 
NSUOC-0094-W2X 1575 60773 195 166 
NSUOC-0095-W2B 
NA 14141 185 157 
NSUOC-0096-W3B 126 117536 219 185 
NSUOC-0097-W3H 
126 95273 178 152 
NSUOC-0098-W3X 405 75594 173 149 
NSUOC-0099-W4X 
2041 37744 184 157 
NSUOC-0100-W4H 2041 132877 176 160 
NSUOC-0101-W5H 
233 267645 187 167 
NSUOC-0102-W5X 233 299424 189 168 
NSUOC-0103-W6H 
2041 158182 185 160 
NSUOC-0104-W6X 2041 130615 187 166 
NSUOC-0105-S1-1H 
2041 59115 190 162 
NSUOC-0106-S1-1X 63 184143 185 160 
NSUOC-0110-S3-2H 
26 386806 178 155 
NSUOC-0111-S3-2X 26 367397 174 153 
NSUOC-0112-S5-1H 
23 73949 243 213 
NSUOC-0113-S5-1X 23 144315 177 154 
NSUOC-0114-S5-2H 
1575 80598 176 153 
NSUOC-0115-S5-2X 1575 264348 169 154 
NSUOC-0116-S6-1H 
195 311486 182 165 
NSUOC-0117-S6-1X 195 140086 240 214 
NSUOC-0118-S6-1B 
NA 83091 195 174 
NSUOC-0119-W1H 1575 8396 190 180 
NSUOC-0120-W1X 
1575 101015 191 182 
NSUOC-0121-S1-2B2 NA 116114 184 172 
NSUOC-0129-S4-1X 
3774 205120 179 160 
NSUOC-0141-S4-1H 3774 230966 167 160 
NSUOC-0142-S4-1H2 
3774 78876 164 150 
NSUOC-0143-S4-1H3 3774 88005 187 168 
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NSUOC-0146-S6-2B 4 72109 186 165 
NSUOC-0147-S6-2B2 
4 158148 186 167 
NSUOC-0148-S6-2B3 4 154783 183 165 
NSUOC-0149-W6X 
754 162344 185 167 
NSUOC-0150-W6H 754 114628 167 151 
NSUOC-0151-S6-1H 
64 8511 186 158 
NSUOC-0152-S6-1X 4 12414 176 150 
NSUOC-0154-S6-2H 
4 87682 208 174 
NSUOC-0155-S6-2X NA 1181 201 142 
NSUOC-0157-W1X 
699 140192 183 157 
NSUOC-0158-W2X 1838 177800 161 141 
NSUOC-0159-W3X 
127 246882 172 151 
NSUOC-0160-W4X 1675 221105 167 146 
NSUOC-0161-W5X 
22 227093 200 174 
NSUOC-0162-W6X Incomplete 6825 229 190 
NSUOC-0163-S2-1X 
214 168693 189 165 
NSUOC-0164-S4-2X 162 169086 154 136 
NSUOC-0165-S5-1X 
23 99379 219 184 
NSUOC-0166-S5-2X 23 93947 225 190 
NSUOC-0167-S6-1X 
2505 50691 177 152 
NSUOC-0168-S6-2X 931 92787 187 168 
NSUOC-0169-W1B 
699 128376 195 172 
NSUOC-0170-W4B 2041 87723 220 186 
NSUOC-0171-W5B 
1575 85220 228 194 
NSUOC-0172-W6B NA 173628 179 171 
NSUOC-0173-S5-1B 
23 85507 230 192 
NSUOC-0174-S5-2B 23 139713 239 210 
NSUOC-0175-W1H 
64 155037 237 215 
NSUOC-0177-W3H 127 243942 184 176 
NSUOC-0178-W4H 
NA 1346 160 157 
NSUOC-0179-W5H 22 143535 238 215 
NSUOC-0180-W6H 
NA 152807 235 212 
NSUOC-0181-S1-2H 22 174045 236 214 
NSUOC-0183-S4-2H 
162 199338 226 202 
NSUOC-0184-S5-1H 23 317720 227 197 
NSUOC-0185-S5-2H 
Incomplete 3573 191 150 
NSUOC-0186-S6-1H NA 726 197 152 
NSUOC-0187-S6-2H 
Incomplete 2863 179 141 
NSUOC-0192-W1X 2166 183818 188 179 
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NSUOC-0193-W1H NA 628 194 149 
NSUOC-0194-S112X 
Incomplete 170879 181 173 
NSUOC-0195-W2X NA 348 200 152 
NSUOC-0196-S2-1X 
Incomplete 698 191 148 
NSUOC-0197-S2-1H Incomplete 676 202 152 
NSUOC-0198-S2-2X 
Incomplete 2335 183 145 
NSUOC-0199-S2-2H NA 7877 196 153 
NSUOC-0200-W3X 
Incomplete 2689 203 156 
NSUOC-0201-S3-1X Incomplete 3440 208 161 
NSUOC-0202-W4X 
Incomplete 5527 213 163 
NSUOC-0203-W4H 23 12154 222 169 
NSUOC-0204-W5X 
Incomplete 1450 222 165 
NSUOC-0205-W5H Incomplete 3664 220 165 
NSUOC-0206-W6X 
Incomplete 2913 224 167 
NSUOC-0207-W6H NA 61700 201 177 
NSUOC-0208-S6-1X 
1734 62820 200 176 
NSUOC-0209-S6-1H 754 166490 192 170 
NSUOC-0210-S6-2X 
2519 442655 213 188 
NSUOC-0211-S6-2H 754 151416 206 183 
NSUOC-0212-S6-2X 
2519 314358 207 183 
NSUOC-0213-S6-2H 2519 417075 212 187 
NSUOC-0214-S1-1H 
26 294046 221 189 
NSUOC-0215-W2X 94 71969 216 191 
NSUOC-0216-W2H 
94 176075 230 198 
NSUOC-0217-W4X 2026 149543 231 196 
NSUOC-0218-W4H 
2026 136888 230 190 
NSUOC-0219-W5X Incomplete 19449 193 161 
NSUOC-0220-W5H 
1575 31848 188 159 
NSUOC-0222-W6X Incomplete 11021 187 155 
NSUOC-0223-W6H 
754 134997 175 150 
NSUOC-0224-S6-2X 2519 128101 178 153 
NSUOC-0225-S6-2H 
2519 46299 182 154 
NSUOC-0226-W1X 22 202086 189 161 
NSUOC-0227-W1H 
22 93821 186 157 
NSUOC-0229-S1-2X 2501 233539 181 156 
NSUOC-0230-S1-2B 
2501 72643 183 154 
NSUOC-0231-W2X 226 147284 174 151 
NSUOC-0234-W4B 
94 187082 165 143 
NSUOC-0235-W6X 2519 152576 239 216 
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NSUOC-0254-S6-1X 118 80016 238 217 
NSUOC-0255-S6-1X2 
118 150173 236 212 
NSUOC-0256-W6H 2519 133103 235 217 
NSUOC-0257-S6-1H 
118 162288 221 207 
NSUOC-0260-S2-2X 118 77509 239 218 
NSUOC-0261-S2-1X 
118 99597 237 219 
NSUOC-0262-W1X 2166 217640 230 213 
NSUOC-0263-W1H 2166 59005 241 216 
NSUOC-0264-W2X 95 152918 238 218 
NSUOC-0265W2H 
95 112404 238 216 
NSUOC-0266-S2-2H 2166 194892 238 217 
NSUOC-0267-S2-2X 
2166 203877 228 215 
NSUOC-0268-W3X 32 161077 232 218 
NSUOC-0269-S3-1H 2505 98002 218 204 
NSUOC-0270-W3H 32 115377 237 223 
NSUOC-0271-S4-1X 18 219748 227 215 
NSUOC-0272-W4H 2041 45226 242 224 
NSUOC-0273-W4X 23 135483 238 221 
NSUOC-0274-S4-2H 18 175693 236 216 
NSUOC-0275-S4-1H 23 190847 228 216 
NSUOC-0276-S4-2X 22 85031 240 223 
NSUOC-0277-W5H NA 219400 238 223 
NSUOC-0278-W5X 2519 226246 220 208 
NSUOC-0279-W6X 2519 152507 242 224 
NSUOC-0280-S6-1H 964 101895 243 224 
NSUOC-0283-W2X 
1575 80244 241 222 
NSUOC-0286-W3H 24 267371 240 226 
NSUOC-0288-W4H 
  47555 240 225 
NSUOC-0289-W4X 32 152326 229 216 
NSUOC-0290-W5H 
32 178063 235 222 
NSUOC-0292-W6X 2041 136249 238 225 
NSUOC-0289-W4X 2041 120232 235 222 
NSUOC-0290-W5H 3856 185640 225 213 
NSUOC-0292-W6X 1392 117664 237 218 
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Appendix Protocol 1: R Code for microbiome analysis  
 
library(picante) 
 
#get working directory 
getwd() 
 
#Set working directory 
setwd("~/Microbiome") 
 
#Importing my biome.txt file 
comm<-read.table(file.choose(), header=T, row.names=1) 
comm.raw <- comm 
 
t.comm<-t(comm) 
rownames(t.comm) 
 
#Importing the metadata file and aligning them 
metadata<-read.csv(file.choose(), header=T, row.names=1) 
class(t.comm) 
comm<-as.data.frame(t.comm) 
class(comm) 
rownames(comm) 
rownames(metadata) 
 
#Merging the files 
comm<-comm[rownames(metadata),] 
all.equal(rownames(comm), rownames(metadata)) 
 
#Diversity by Site 
comm<-decostand(comm, method = "total") 
sink("JorieThesisData.csv") 
diversity<- diversity(comm, index = "invsimpson") 
diversity 
div.table<-as.data.frame(diversity) 
cor.table<-cbind(metadata, div.table) 
write.csv(cor.table, file = "correlation.table.csv") 
plot(diversity~metadata$Site) 
site.aov<-aov(diversity~metadata$Site) 
summary(site.aov) 
TukeyHSD(site.aov) 
 
#Richness 
rich.comm<-specnumber(comm) 
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rich.site<-boxplot(rich.comm~ metadata$Site) 
rich.site$stats 
rich.site.agg<-aggregate(rich.comm, by = list(metadata$Site),sum) 
rich.site.agg 
#Diversity by Month 
plot(diversity~metadata$Month) 
month.aov<-aov(diversity~metadata$Month) 
summary(month.aov) 
TukeyHSD(month.aov) 
 
#Diversity by water temperature 
cor.test(diversity,metadata$Water.Temp, method = "pearson") 
plot(diversity~metadata$Water.Temp) 
#abline(wt.cor) 
 
cor.test(metadata$Water.Temp, metadata$Air.Temp, method = "pearson") 
plot(metadata$Water.Temp~metadata$Air.Temp) 
#abline(wt.cor) 
#This shows that I should drop a variable due to how 
#highly they are correlated  
 
cor.test(diversity,metadata$Water.Temp, method = "pearson") 
plot(diversity~metadata$Air.Temp) 
#abline(wt.cor) 
 
 
cor.test(diversity,metadata$pH) 
plot(diversity~metadata$pH) 
abline(wt.cor) 
 
 
comm.bc.dist<-vegdist(comm, method = "bray") 
 
adonis(comm.bc.dist~metadata$Month) 
adonis(comm.bc.dist~metadata$Site) 
adonis(comm.bc.dist~Month*Site, data=metadata) 
adonis(comm.bc.dist~metadata$Water.Temp) 
adonis(comm.bc.dist~metadata$Air.Temp) 
 
comp.variation<-betadisper(comm.bc.dist, metadata$Water.Temp) 
boxplot(comp.variation) 
 
comp.variation<-betadisper(comm.bc.dist, metadata$Air.Temp) 
boxplot(comp.variation) 
 
comp.variation<-betadisper(comm.bc.dist, metadata$Site) 
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boxplot(comp.variation) 
comp.variation 
anova(comp.variation) 
 
#To look if some sites vary more than others 
TukeyHSD(comp.variation) 
 
comp.variation2<-betadisper(comm.bc.dist, metadata$Month) 
boxplot(comp.variation2) 
 
envtraits<-metadata[,3:5] 
head(envtraits) 
envtraits.dist<-vegdist(envtraits, method = "euclidean") 
mantel(comm.bc.dist, envtraits.dist) 
 
print("BioenvPluseBestModelMantel") 
MicrobeBioenv<- bioenv(comm.bc.dist, envtraits, method = "spearman", upto=7) 
summary(MicrobeBioenv) 
 
MicrobeBioenv 
Microbebioenvdist<-bioenvdist(MicrobeBioenv, which = "best") 
mantel(Microbebioenvdist, comm.bc.dist) 
sink() 
 
MicrobeBioenv<- bioenv(comm.bc.dist, envtraits, method = "spearman", upto=7) 
summary(MicrobeBioenv) 
MicrobeBioenv 
Microbebioenvdist<-bioenvdist(MicrobeBioenv, which = "best") 
mantel(Microbebioenvdist, comm.bc.dist) 
sink() 
 
### NMDS  
comm.bc.mds<-metaMDS(comm, distance="bray") 
mds.fig<-ordiplot(comm.bc.mds, display="sites") 
ordiellipse(mds.fig, metadata$Site, label = T, conf = 0.95) 
#Adding environmental and trait data to ordinations 
plot(envfit(comm.bc.mds, metadata[, 3:5])) 
 
#Color coding NMDS  
mds.fig<-ordiplot(comm.bc.mds, type = "none", display = "sites" )  #### adjust xlim and 
ylim xlim=c(-1.5,1.5), ylim = c(-1,1) 
points(mds.fig,"sites", pch = 15, col = "black", select = metadata$Site == "A") 
points(mds.fig,"sites", pch = 16, col = "red", select = metadata$Site == "B") 
points(mds.fig,"sites", pch = 17, col = "green3", select = metadata$Site == "C") 
points(mds.fig,"sites", pch = 18, col = "blue", select = metadata$Site == "D") 
points(mds.fig,"sites", pch = 19, col = "cyan", select = metadata$Site == "E") 
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points(mds.fig,"sites", pch = "*", cex = 2,col = "magenta", select = metadata$Site == 
"F") 
 
legend("topright",legend=as.character(paste(" ",unique(metadata$Site))), cex = 
0.99,pch=19,col=1:length(unique(metadata$Site))) 
plot(envfit(comm.bc.mds, metadata[, 3:5])) 
ordiellipse(mds.fig, metadata$Site, label = F, conf = 0.95, lty = 2) 
palette() 
 
ordipointlabel(comm.bc.mds, display = "sites") 
 
 
#Simper analysis 
simp.comm<-as.data.frame(t.comm) 
abund.tax<-which(colSums(simp.comm)>2) 
simp.comm<-comm[,abund.tax] 
simp.month<-simper(comm, metadata$Month,permutations = 99) 
sink("SimperbyMonth.csv") 
sink() 
simp.site<-simper(comm, metadata$Site, permutations = 99) 
sink("SimperbySite.csv") 
summary(simp.site) 
sink() 
 
#Abundance 
comm.abund<-which(colMeans(comm)>0.005) 
comm.abund 
comm.dom<-comm[,comm.abund] 
all.equal(rownames(comm.dom), rownames(metadata)) 
comm.dom.meta<-cbind.data.frame(comm.dom, metadata) 
col.otus<-colnames(comm.dom) 
comm.domm.agg<-
aggregate(cbind(GU127185.1.1204,EU117671.1.1506,GQ130152.1.1440,KC253356.1.1
482 ,GU305851.1.1498,GU127240.1.1242,FN984864.1.1396,GQ500814.1.1436     
,GQ340074.1.1468,FN668149.1.1477,HM128919.1.1456,EU800810.1.1492     
,GU305818.1.1454,FJ936865.1.1487,HM856413.1.1459,FN827311.1.1451     
,FN668259.1.1474,KF037867.1.1498,FM204983.1.1452,FR667282.1.1373     
,DQ234177.1.1516,AB753921.1.1456,FJ937709.1.1210,CU925775.1.1351     
,GU940854.1.1352,HQ828002.1.1489,FN668296.1.1471,FN668106.1.1476     
,EU800535.1.1483,HM129128.1.1449,New.ReferenceOTU1305,New.ReferenceOTU288 
,New.ReferenceOTU1645,New.ReferenceOTU340,New.ReferenceOTU59)~Site+Month, 
data = comm.dom.meta,mean) 
write.csv(comm.domm.agg, file = "dominant_taxa_per_site_per_month.csv") 
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Appendix Protocol 2: Genome Sequencing Protocol  
Nextera XT Sample Preparation 
1. PURPOSE/OBJECTIVE  
This protocol outlines the procedure with a starting point from diluted extracted DNA 
samples to the endpoint of having high quality prepared DNA libraries using Nextera 
XT reagents (Illumina) that are ready to be sequenced on a MiSeq desktop sequencer. 
 
2. SCOPE  
This SOP is applicable to all laboratory personnel with the intent of the operation of a 
MiSeq sequencer in the DM. 
 
3. DEFINITIONS/ACRONYMS/GLOSSARY: 
1.  DM: Division of Microbiology 
2.  PI: Principal Investigator 
3.  ATM: Amplicon Tagmentation Mix 
4.  TD Buffer: Tagmentation DNA Buffer 
5.  NT Buffer: Neutralization Buffer 
6.  cGLP: Current Good Laboratory Practices 
7.  NPM: Nextera PCR Mastermix  
8.  i7: Index 1 
9.  i5: Index 2 
10.  RSB: Resuspension Buffer 
11.  LNA1: Library Normalization Additives 1 
12.  LNB1: Library Normalization Beads 1 
13.  LNW1: Library Normalization Wash 1 
14.  LNS1: Library Normalization Storage Buffer 1 
 
4. PROCEDURES 
A. DNA Extraction 
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1. DNA isolation performed using the MoBio Powersoil Powerlyzer DNA 
Isolation Kit (MO BIO Laboratories, Inc. Carlsbad, CA).   
 
B. DNA Quantification 
1. Using the Qubit Fluorometer 2.0 for DNA quantification high 
sensitivity protocol.  
2. Dilute DNA to 0.2-0.4 ng/µl. Pick 0.2 ng/µl for high quality high 
molecular weight DNA. Pick 0.3 or 0.4 ng/µl for lower quality 
extractions.  
 
C. Input DNA Tagmentation 
1. This procedure uses the reagents included in the Nextera XT Sample 
Prep Kit (Illumina), Boxes 1 and 2. 
2. Remove the following reagents from Box 1 and allow them to thaw on 
ice:  
a. ATM 
b. TD Buffer 
c. NPM 
3. Remove the NT Buffer from Box 2 and place at room temperature.  
4. Using a PCR plate for the samples, add 10 µl of the TD Buffer to each 
sample well. 
a. Unless otherwise stated, one should always follow 
cGLP and change pipet tips with every volume they 
pipet, in order to prevent cross-contamination.  
5. Add 5µl of input DNA to each sample. 
a. It is crucial to note that the concentration of the sample 
DNA pipetted into the well must be at a concentration 
of 0.2-0.4 ng/µl. 
6. Finally, add 5 µl of the ATM to each sample well and mix by pipetting 
up and down 5 times. 
7. Cover the PCR plate with Microseal B. 
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8. Centrifuge the balanced PCR plate at 280 x g (280 rcf) for 1 minute. 
9. Using a thermocycler, run the following program: 
---- 55°C for 5 minutes 
---- Hold at 10°C 
a. Note that this program is approximately 7 minutes in length. 
10. Once PCR plate has reached 10°C, immediately add 5 µl of NT Buffer 
into each sample well in order to halt the tagmentation reaction. 
11. Pipet samples up and down 5 times to mix. 
12. Cover the PCR plate with Microseal B. 
13. Centrifuge the balanced PCR plate at 280 x g (280 rcf) at 20°C for 1 
minute. 
14. Set the PCR plate on a smooth surface at room temperature for 5 
minutes. 
15. Add 15 µl NPM per sample well. 
16. Add 5 µl of i5 index to your sample wells. 
17. Add 5 µl of i7 index to your sample wells. 
18. Cover the PCR plate with Microseal A. 
19. Centrifuge the balanced PCR plate at 280 x g (280 rcf) at 20°C for 1 
minute. 
20. Using a thermocycler, run the following program: 
72°C for 3 minutes 
95°C for 30 seconds 
12 cycles of: 
--- 95°C for 10 seconds 
--- 55°C for 30 seconds 
--- 72°C for 30 seconds 
72°C for 5 minutes 
Hold at 10°C 
Note that this program is approximately 38 minutes in length. 
 
D. PCR Cleanup 
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1. Take the AMPure XP beads out of the refrigerator and allow them to 
equilibrate at room temperature for 30 minutes. 
2. Make sure to aliquot the beads (Never freeze the AMPure XP beads). 
3. The PCR Cleanup and subsequent normalization can also be done using 
96-well plates. 
4. Vortex the AMPure XP beads for 1 minute. 
5. Beads will be ready when they are not attached to the bottom of the 
tube. 
6. Remove the RSB from the Nextera XT Sample Prep Kit (Box 1) and 
bring to room temperature. 
7. If running a 2x250 v2 run on the MiSeq, pipet 25 µl of beads into new 
1.5 ml Eppendorf tubes / PCR plate. 
8. Pipet each of the PCR sample well contents into the tubes / PCR plate. 
9. Cover the PCR plate with Microseal B. 
10. Using a microplate shaker, shake the sample tubes at 1800 rpms for 2 
minutes or pipet up and down 10 times. 
11. Make sure that the shaker quickly ramps up to 1800 rpms as this will 
also affect the downstream process. 
12. Leave samples to incubate at room temperature for 5 minutes. 
13. Then place the plate on a magnetic stand. 
14. From this point on, unless otherwise stated, do not remove the sample 
plate from the magnetic stand. 
15. Wait until the pellet forms on the side of the plate (for 2 minutes) and 
the supernatant is clear. 
16. Discard the supernatant with a P100 or P200 micropipette being careful 
not to disturb the pellet. 
17. Perform an ethanol wash by adding 200 µl of 80% ethanol into each 
sample. 
18. 80% ethanol must be made fresh for each Nextera XT prep. 
19. Incubate the samples on the magnetic stand for 30 seconds. 
20. Carefully remove the supernatant as shown above in step 10. 
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21. Perform a second 80% ethanol wash (Repeat steps 17 – 20). 
22. With the samples still on the magnetic stand, allow the pellet to air dry 
for approximately 10-15 minutes. 
23. The user must allow for the complete evaporation of ethanol at this 
time (No longer than 20 minutes max). 
24. At this time, remove the plate from the magnetic stand. 
25. Add 52.5 µl of RSB into each sample tube.  
26. Cover the PCR plate with Microseal B. 
27. Using a microplate shaker, shake the sample tubes at 1800 rpms for 2 
minutes or pipet up and down 10 times. 
28. Make sure all of the sample pellets are resuspended. 
29. Allow the samples to incubate for 2 minutes at room temperature. 
30. Then place the plate on a magnetic stand. 
31. Wait until the pellet forms on the side of the plate (for 2 minutes) and 
the supernatant is clear. 
32. While waiting, label new 1.5 ml Eppendorf plate. 
33. At this time, take out 45 µl of the supernatant from each sample tube on 
the magnetic stand and add this volume to the newly labeled sample 
plate. 
34. This is a safe stopping point in the protocol. These final PCR clean 
samples can be frozen at -20°C for up to a week if not proceeding to 
normalization. 
35. Cover the PCR plate with Microseal B.  
 
E. Sample Normalization 
 
1. Remove the LNW1 and LNS1 tubes from the Nextera XT Sample Prep 
Kit (Box 2) and bring to room temperature. 
2. Remove the LNA1 tube from the Nextera XT Sample Prep Kit (Box 1 
of 2) and thaw at room temperature.  
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3. Remove the LNB1 tube from the Nextera XT Sample Prep Kit (Box 2 
of 2) and bring to room temperature. 
4. Vortex LNB1 until there is no pellet attached to the bottom of the tube. 
5. Using the ratio below, make the calculations for the LNA1/LNB1 
mixture based on the number of total samples to normalize. 
a. Each sample will need 45.83 µl LNA1:8.33 µl LNB1. 
6. In a single tube labeled “beads”, add the calculated LNA1 volume. 
7. In the same “beads” tube, add the calculated LNB1 volume, using a 
wide orifice P200 pipet tip or a P1000 pipet tip. 
a. Depending on how many samples are being prepared, one 
might need to use a 15 ml conical tube to hold the 
LNA1/LNB1 mixture as opposed to an Eppendorf tube. 
8. Add 20 µl of your PCR Cleanup sample (Step 33) into newly labeled 
1.5ml Eppendorf plate. 
a. Note that these will be the new sample plate. 
9. Add 45 µl of the bead mixture to the new sample plate. 
10. Cover the PCR plate with Microseal B. 
11. Using a microplate shaker, shake the sample tubes at 1800 rpm for 30 
minutes. 
12. Place the samples on a magnetic stand until the supernatant has cleared. 
13. With a micropipette set to 80 µl, remove the supernatant, taking care 
not to disturb the pellet. 
14. Remove plate from the magnetic stand. 
15. Add 45 µl of LNW1 to each sample tube. 
16. Cover the PCR plate with Microseal B. 
17. Using a microplate shaker, shake the sample plate at 1800 rpm for 5 
minutes. 
18. Place the samples on a magnetic stand until the supernatant has cleared. 
19. With a micropipette set to 80 µl, remove the supernatant, taking care 
not to disturb the pellet. 
20. Repeat Steps 14 to 19. 
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21. Remove the sample plate from the magnetic stand. 
22. Add 30 µl of freshly made 0.1 N NaOH to each sample plate. 
23. Mix the sample by pipetting up and down 10 times. 
24. Cover the PCR plate with Microseal B. 
25. Using a microplate shaker, shake the sample plate at 1800 rpm for 5 
minutes. 
a. Make sure all the sample pellets are completely resuspended. 
26. Meanwhile, add 30 µl of LNS1 to new sample plate. 
27. Place the samples on a magnetic stand for 2 minutes or until the 
supernatant has cleared. 
28. Transfer 30 µl of the supernatant into the new tubes / plate containing 
LNS1 (final well total volume is 60 µl). 
29. Cover the PCR plate with Microseal B. 
30. Using a centrifuge, spin down the samples at 1000 x g (1000 rcf) for 1 
minute. 
 
F. Library Pooling 
1. Transfer 5 µl of final product to into newly labeled 1.5ml Eppendorf 
tube (PAL).  
2.  Vortex briefly and centrifuge briefly.  
3. Transfer 35 µl into newly labeled 1.5ml Eppendorf tube (DAL).  
4. Add HTL1 buffer to total volume of 600 µl.  
5. Spike library with 5% PhiX and Load onto the MiSeq machine.  
